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Introduction 



Choice of species 

PROTA 3: 'Dyes and tannins' describes the cultivated and wild plant species of 
tropical Africa traditionally used for dyeing or tannintj. Some oi' t lioso are only used 
as a dyo nr a tannin, but mo^ft havo sovoral usos. PH( )'rA noi inally assign:^ ono pri- 
mary use and if relevant, one or more srrnndary uses to all plani speeies used in 
Africa. PROTA 3; Dyes and tannins comprises accounts of species wliose priraar>' 
use is dye or tannin. The primary use of Accvcia nihtica (L.) Willd. ex Delile is as a 
tannin and dye, and thus it is treated in PROTA 3, but it has several secondary 
uses, e.g. the trees are widely planted as a fence, for shade and as ornamentaf the 
trunk nnd hranrhes yield a valuable <fum, tho wood is used for timber and fuel, the 
leaves and fruits ar(^ sources of fodder, the soods are eaten, the bnrk is used for fi- 
bre, and from most plant parts traditional medicines are prepared. Also tamarind 
(Tamarindua indioa L.) is quite important as a dye and tannin, but its primary use 
is undoubtedly its edible fleshy sweet-sour fruit, and consequently tamarind is de- 
scribed in PROTA 6; 'Fruits. 

Species that are used as a dye or lannin but liave another primary use are listed 
afr(>r tb(> primarv use dxcs aiul (amiins. and arc full\ descriln d m niber commodity 
groups. Some importani species included in this list are: garden beet (Beta lulgaiis 
L.), capsicum pepper {Capsicum anmmm L.) and safDower (Carthamua tmctorius 
K). 

In PROTA o t h ree species are treated which, in addition to their primary use as dye 

or tannin, also have another primary use and consequently will be described in 2 
commodity uroups. Th(>se species are I'Icrovdi piiH (nigoleiisis DC. (also in PROTA 7: 
'Timbers), rieiucai pus soyauxii Taub. (also in PROTA 7: Timbers) and Sorghum 
bioolor (L.) Moench (also in PROTA 1: 'Cereals and pulses^. 

Dyes and tannins are closely related. The basic components of many vegetable dyes 

are chemically comparalde to ( hose of tannins and for this reason dye- and tannin- 

producinjj plants have been dealt with io<i:ether in this volume .Some spocies are 
onl\ used as a d\ e or as a tannin, but particularly the taunm producing species are 
often also used as a dye. 

In PROTA 3: Dyes and tannins' comprehensive descriptions are given of 30 impor- 
tant dye and tannin species. These major dyes and tannins comprise most wild spe- 
cies, but also several cultivated or partly domesticated species. The accounts are 
presented in a detailed format and illustrated with a line drawinji and a distribution 
m.ip 111 aildiiion. accounts of l:{ dyes and tannins of minor imixirlnncc ai-c ^ivcn. 
Becau.se inibrmation on these species is often scanty, these accounts are in a simpli- 
fied format and do not include a drawing or map. For another 43 species the dye and 
tannin information was too scarce to justify an individual treatment and they have 
only been mentioned in the accounts of related species. 

Theoretically numemus plant species can be used as a dye because most contain 
substances which can colour fibres, food or skin. Many plant spccM's also contain 
tannins. For PROTA 3, however, only sp(»cies have been chosen ibr which proof was 
found in the literature on African useful plants that they actually are or have been 
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usfd as fi (]yv or fannin. Such litcratunv however, is scarce, often old and usuall\ 
poor in details al)()iil ihe use. ()nl\ s|)e( i(>s lor w hirli m| least a praclical application 
is known have been considered for trealnieni. I his means thai species inenlioned in 
the literature but only with remarks such as 'the plant contains tannin' or 'the plant 
Shields a black dye' have not been included. 

The appearance of synthetic dyes and tannins in the second half of the 19*^ century 

eventually caused an almost compl<'to disappearance of the natural ones in commor- 
cial dyeing"; and lanning and in scientific attention. In tropical Africa small-scale 
dyeing and tanning with materials of plant origin persisted only very locally and 
often escapes attention in ethnobotanical reports. There&re, PROTA 3 does not 
claim to be comprehensive and particularly the dyes and tannins of Madagascar, 
which are poorl>' known, ma>- he underrepresented. 

At present the interest in natural dyes and tannins is increasing worldwide, mainly 
because I hey are less pollut ins i>nd less or nf)n-toxic. Nat ural food colorants are he- 
coming particularly commercially important. In PKOTA ."3, however, little attention 
has been paid to food colorants because of the insignificance of their use in AMca. 
Not treated are, for example, red headed cabbage (Brassica oleracea L.), tea (Came/- 
lia sinensis Qj.) Kvaitze), many Ciinis species, oil palm (Ef aeis gtiineensis Jacq.), to- 
mato (Lyntpi rsicon csriilrntiini Mill ) and cacao (Theobronia cocoo L.). These species 
feature pronunenll} in other commodity groups. 

Plant names 

Family: Apar( from the classic family name, Ihe family name in act^onhuKc with the 
Angiosperm Ph> logeny Group (APG) classification is also given where it diSers from 

the classic name. 

Synonyms: Only the most commonly used synonyms and those that may cause oon- 
fiision are mentioned. 

Vernacular names: Only names in ofEicial languages of regional importance in Africa 
are included: English. French, Portuguese and Swahili. It is beyond the scope of 
PKOTA to siive an extensive account of the names of a species in all languages spo- 
ken in its area ol distribution. Checking names would require extensive fieldwork by 
specialists. Although regional forms of Arabic are spoken in several countries in Af- 
rica, tiie number of African plant species that have a name in written, classical Ara- 
bic is hmited. Arabic names are therefore omitted. Names of plant products are 
mentioned under the heading 'Uses'. 

Origiu and geographic distribution 

To avoid long lists of countries in the text, a distribution map is added for major 

species The map indicates in which countries a spetdes has been recorded, either 
wild or planted. It should ho realized that for many sp(»ci(»s lhes(> maps are incom- 
plete because \hv\ are prepared on the basis oC |)ul)lisIi(Ml information, the (|U,tnlily 
and quality ol w lucii varies greatly from species to species. This is especially the 
case for wild species which are not or incompletely covered by the regional African 
floras, and for cultivated species which are only planted on a small scale (e.g. in 
home gardens). For some countries (e.g. Central African Republic, Chad, Sudan, 
Angola) there is comparatively little information in the ht^rature. Sometimes they are 
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not covered by reconl regrional or nationjil (loras and althoii^rh species may be present 
there, this cannot be (h'monsl rated or conllrmed. I'\)r sonu' major spi-cies. a distribu- 
tion map has been omitted because there is loo htlle iulormatioii on distribution. 

Properties 

Ahhoush often poorly known, the chemistry oft lie colouring or tannins: ncrents is 
Ui\ (11. in addition, compounds with ])ossible or proven nutritional or medicinal 
value, toxins and other relevant chemical compounds are mentioned. 

Description 

A morphological <haractorizal ion of the •species is ijiven. The description is in 'tele- 
gram st\ le and uses hoianical terms, rroviding a description lor the general public 
is difficult as more generally understood terms often lack the accuracy required in a 
botanical description. A line drawing is added for all major and some lesser-known 
species to complement and visualize the description. 

Management 

Descriptions of husbandry methods including fertilizer application, irrigation, and 
pest and disease control measures are given under 'Management* and under 'Dis- 
eases and pests'. These reflect actual practices or generalized recommendations, opt- 
ii^ for a broad overview but without detailed recommendations adapted to the 
widely varx'ing local conditions encountered b\ farmers. T?(>cominen(lat ions on 
chemical control ol ix'sis and diseases are merely indurative and local regulations 
should be given precedem e. PROTA will participate in the preparation of derived 
materials for extension and education^ for which the texts in this volume provide a 
basis, but to which specific local information will be added. 

Genetic resources 

The genetic diversity of many plant species in Africa is being eroded, sometimes at 
an alarming rate, as a consequence of habitat destruction and overexploitation. The 
replacement of landraces of cultivated species by modem cultivars marketed by seed 

companies is another cause of genetic erosion. Reviews arc given of possible threats 
for plant species and of the diversity within species Information on ex-situ germ- 
plasm collections is mostly extracted irom publications of the International Plant 
Genetic Resources Institute. 

References 

The main object i\ <> of I h(> list of rcderences gi\ < n is lo guide read(>rs to additional 
information; it is not intended to be complete or e.xhaustive. Authors and editors 
have selected major and other references; major references are limited to 10 refer- 
ences (5 for minor species), the number of other references is limited to 20 (10 for mi- 
nor species). The references listed include those used in writing iheaooounl. Where 
data available on the internet have been used, the website and date are also cited. 



13 



Alphabetical treatment of dyes and tannins 
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Acacia MKAiiNsii De Wild. 

Protologue PI. bequaert. 3(1): 61 (1925). 
Family Mimosaoeae (Leguminosae - Miino- 

soideae) 

Chromosome nwnber 2n = 26 

Synonyms Raeosperiiia meamaii (De Wild.) 
Pedley (1986), Acacia decurreiis auct. nou 
Willd., Acaeia molliMima auct. non Willd. 

Vernacular luunea Black wattle, tan wat tle 
(En). Arncia noir (Fr). Acacia n^ra (Po). Mu- 
wati (Sw). 

Or^in and geographic cUsteflration Black 

wnttio is nnf ivr to snuth-east^n Australia from 
35-44''S latitude (New South Wales, Queens- 
land, Vkstoria and Tasmania). It has been intro- 
duced throughout the tropics and subtropics. 
Large commercial plantations are found in 
southern and eastern Africa (Kenya, South Af- 
rica and Zimbabwe), Brasdl and India. Else- 
where plant inps are smaller or introductions 
have not been successful. 

Uses Black wattle is primarily cultivated for 
tannin and wood production. It is the world's 
principal snurcf of tnnli.»rk; ihr bark contains 
up to 40% of excellent lamim especially suitable 
fiir use in the manufacture of heavy leather 

^Duds In addition, the |)owdered bark e.\1ract is 
used to prepare tannin formaldehyde adhesives 
for e!rt<?rior grade plywood, particle board and 
lamm.ii i; timber. Possibilit u s of usinp the bark 
in the pi<j<]urtion of biodi Sjr.Klablc polj-urethane 
foam are being tested. The wood of the tree is 
widety used as fuelwood for domestic use and 
village industries, or for charcoal pnnluction 
(e.g. in Kenya, South Al'rica and Brazil). The 
wood may also be used for local ocmstruction 
material, mine prc^s, woodai tools, joineiy, 
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flooring and hnrdboard. Thin, pliable stems arc 
used in the framework of traditional wattle 
and daub huts by many African people. Ihe 
wood is used in combination with other woods 
to produce paper pulp and dissolvuig (or vis- 
cose) pulp, the raw material used to produce 
synthetic fibres such as rayon. In recent yeais 
the use of black wattle wood in the pulp and 
paper industry has increased substantially 
worldwide -lapan in particular is a large im- 
porter of black wattle chips from South .\frica. 
Blade wattle is also planted for erosion control 
and soil improvement, as shelter belts or fire 
belts as a shade tree in plantations, and as an 
ornamental. The leaves are sometunes used for 
fodder, but are relatively unpalatable and can 
best be mixed with other feeds. A decoction of 
the very astringent bark is used as a styptic 
and to treat diarrhoea. 
Production and international trade The 

maximum ai'cri of Iilnck wattle plantations was 
reached around the 19608. Smce then, a fall in 
demand for vegetable tannin has led to a consid- 
erable reduction in area, e.g. from 325.000 ha to 
i;!().0()Oha in South Africa and from 27 000 ha 
lo 14,000 ha in Zimbabwe. Around 1980 the 
estimated plantation area was about 350,000 ha, 

of which 1 f>() (100 ha were in South .Nfrir-a 
125,000 ha in Brazd, 30.000 ha m East Alnca 
(Zimbabwe, Kenya, Tanzania, Rwanda, Bunmdi), 
20,000 hn in India, and 15,000 ha in Indonesia. 
Black wattle is currently the world's major 
source of vegetable tannm. In several countries, 
including Kenya, Zimbabwe and South Africa, 
tannin industries based on bhu-k wattle have 
been developed. South Africa also produces a 
variety of adhesives from the bark extracts. The 
main exporting countries are South Africa 
(:W t)00 t.Voar of tan extract and 1 .'i.tXK) t/year of 
adliesive pi-oducts) and Kenya (25,000 tVyear of 
tan extract, but the Kenyan fectoiy has recently 

closed). Those prodticts are ovpoi-ted to many 
countries where niches are avaUable ibr vegetable 
tannin extract and naturally derived adhesives. 
For every 1 t of baik han'ested from the trees 
about •") t of tinilier is availalile. The timber is 
mainly traded locally. Some of the wood is con- 
verted to charcoal, part of which is exported, 
especially to Europe, but no production or export, 
data are available. South Africa uses 160,000- 
200,000 tfyear of air^dried wood in the produc- 
tion of dissolving pulp and exports about 1.1 
million t/year of air-dried chips for pulp and 
paper production to Japan. 

Propertlas The bark of black wattle ocm- 
tains 30-^% high-quality tannin on dry 
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weiRht basis. The tannin belongs to the jjroup 
of condensed proanthocj anidins, and is a com- 
pile mixture of some 40 components, mostly 
polymers of (+)-catechin. (-)-robinetiniflin tmd 
(+)-gallocatechin. The tannin quickly pene- 
trates the hide, and gives a firm and durable 
li[;ht-n>loui (>il lent her. unlike other proantho- 
c^-anidin tanning materials (e.g. mangrove ex- 
tracts) which give a reddish colour. It does not 
preripitiile in acid solution, resulting in better 
<|ii;ility leather. If is espci inlly .^-iiited for the 
manufacture of sole leather for .shoes. 
The tannin content varies with bark thickness, 
age of the tree nml nverage annual rainfall, 
and decreases from the base of the trunk up- 
wards, the bark of the brandies having a low 
tannin content, Black wattle extract contains 
60-65% tannin. Ext i ads usually called mi- 
mosa extract', are cxjmniercially available in 
several forms, each giving different qualities to 

leather T'sunlly file plant extract is mixed with 
synthetic tannins for use in the leather iudustiy. 
The wood is yellowish to pale red. Wood den- 
sity ranges from 550-850 kg/m^ dej)* n liiii,' on 
site conditions The wood is modi-ratelv hard to 
hard, durable, and fairly luugh and strong. It 
has an energy value of about 19,700 kJ/kg and 

ash content of about 1.5%. The enerpy value of 
charcoal is about 32,000 kJ/kg. The density and 
[lulp yu ld of black wattle make it a very at- 
tractive alternative to Ewxdyptus globulus 

Labi 11 

Adulterations and substitutes Other tan- 
ning agents, sudi as chromium salts and syn- 

thetic tannins (svTitaiis resin tannat;es and 
aldehyde tannages), are nowadays mostly used 
for tanning leather. Although some are highly 
toxic and pdluting. they are considered m hav- 
ing a more specific activity and beinp more pre- 
dictable and controllable m the tannuig process. 
Sometimes chrome tanning or tanning with 
-Milliclii- tannins is combined with vegetable 
lunnmg, e.g. re-tannage of chrome-tanned leather 
to develop special characteristics, or the use of 
chrome tannins Inr shoe upper leather and 
vegetable tannins for the sole. 

Description Small to medium-sized ever- 
green tree up to 30 m tall; trunk straii^t, up to 
50 cm in diameter; bark browniah-black. fis- 
sured, but in younger stems grey-brown and 
smooth; crown spreading, rounded at maturity; 
twigs unarmed, on^ed, grey, densely hairy 
when young. Leaves altemate bipinnately 
compound, 8-15 cm long, with 8-2U pairs of 
pinnae 2-5 cm long; radiis with glands at base 
of eadi pair of pinnae on upper surface; leaflets 




Aran'a lueariisii 1, flowering branch; 2, 
bnuichlel with fruits. 
Source: PROSEA 

very numerous 2(1-70 pairs crowded on each 
pinna, narrowly oblong and small, 1.5— t mm x 
0.5-0.8 mm, bhmt, with dense soft hairs, dark 

oIi\i' t.'n'1'ti Inflon'sccncc a plnlxise head 5—8 
mm in diameter, arranged m axillary racemes 
or panicles, head up to 50-flowered. Flowers 
bisexual, 5-merous. pale creamy-yellow, very 
sweet-scented; calyx lobes c. 1 mm lonij corolla 
lobes c. 2 mm long, pointed at the apices; sta- 
mena 30-46, filaments up to 2.6 mm kmg; 

o\-ary superior 1 -celled style long and slender. 
Fmit a narrowlj' oblong or Imear, flat pod, (3-)5— 
10(-15) cm X 0.5-1 cm, constricted between the 
seeds |iiil)t scs iit. daric brown l*i lilackish when 
ripe, dehisri'ut along one suture. ;j-14-seeded. 
Seeds ovoid, 3-u mm x 2—3.5 mm, smooth and 
blade, with a small yellowish-white aril. 

Other botanical information There has 
been considerable confusion about .ricoci'o 
meamsii and some closely alUed spedes: Aca- 
cia decunviis VVilld. (green wattle) andAtxteia 
doalbain Link (silver wattle). These species 
have long been considered as conspecilic with 
Aeada meonisu, although usually distinguished 
as varieties, lliey are now usually thought to 
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represent distinct species. The name Acacia 
mollissima has often been used erroneously for 
Acacia meamsU. In fact. Acacia mollissima 
Willd. is a synonym for Arucia fiuhrsct'iis 
(Vent.) W.T.Aiton. The name Acacia decunens 
is still oomm<mly used for Acacia meamsii, 
which makes hterature on these species very 
confusing. Acacia meani^ii can be crossed with 
Aeaeia deairrens, Acacia dealbala, Acacia bai' 
i^yona F.Mucll. and Aeaeia irrorata Sieber ex 
Spronp. Hybrids have no rcnl ndvnntapos over 
the parent species and are often part ly sterile. 
Anatomy Wood-anatomicsl description: 

- Macroscopic characters: 

Heartwood pale brown with reddish mark- 
ings, indistinctly demarcated from the pale 
straw -culoured sapwood. Grain often inter- 
locked. Texture moderately fine. 

— Microscopic characters: 

Growth rings indistinct. Vessels diffuse, 6— 
8/mm", in oblique or riirHnl multiples of up to 
4. Fibres 700-880 long and 9-21 in 
diameter. Parenchyma absent or scarce, va- 
sioentric and aliform. Rays inconspicuous 
and n.u f'iw-r than \'essels 
Growth and development Seeds stay vi- 
able for many 3rear8, both in storage and in the 

pround Se(-ds in the pround start to perminate 
alter a forest lire or land cultivation. Seedimgs 
are susceptible to fire. On germination, the 
radicle prows downwards to form a tni imit of 
about 1 m. Fnst-ernu inp lateral roots (ii vciop 
from the taproot jusl below the soil surface. 
Nodules formed by N-fixing bacteria usually 
appear on the lateral rofits 

Black wattle is a hght-demandmg species with 
rapid early stem growth, reaching up to 
3 m/year. Some tre<>s start to flower when only 
about 2 year.s old. If the prowinp point is not 
damaged black wattle produces a fairly straight 
stem, sometimes almost circular but usually 
more or less elliptical in cross-section. Planta- 
tion grown trees have an average taper of 2.5 cm 
in 3 m, single trees show more taper. In com- 
mercial plantations in South Africa, trees at a 
rotation of 10 years are rarely shorter than 10 
m and on good sites all am 27—30 m, with di- 
ameters at breast height seldom exceeding 30 
cm. Crown sh,ip(> in plantation trees usually 
assumes an inverted pear-shape with age, and 
is generally globose at maturity. Branches die 
progressively from below, due to shading and 
competition and at maturity the crown occu- 
pies about one fifth of the stem length. The 
coppicing ability of black wattle is generally 
poor. 



The flowers are prcdominantlj- insect (bee) 
pollinated. Copious fruiting normally occurs 
after 5-6 years; firuits mature in 12-14 mcniths. 
The lif(><|ian is gener.ally l-"-20 years, but some 
seed orchards in South Alrica are nearly 30 
years old and still producing seed. 

in some iu-e;is. such as il;iu;«ii and parts of 
South Africa, black wattle has become a nox- 
ious weed due to its aggressive colonization of 
denuded mens and riparian zones. 

Ecology [n its natural area of dist i-ibution, 
black wattle occurs in the understorey of tall 
open forests, in fringes of closed forests or in 
dense thickets on recolonized hinds, Its ranpe 
is from aea-level to 900 m altitude, but it 
mainly oeeurs tctm aea-levd to about 200 m in 
areas with a warm subhumid to humid climate. 
The mean maximum temperature of the hut- 
test month is 21— 28''C, the mean minimum of 
the coolest month 1— 7*C, with up to 40 frost 
days \nnu.il r.iinfall varies from ( ).'i()-)f)25— 
1000(-1600> mm. Black wattle is sensitive to 
severe drought and to frosts of -4*C or lower. It 
is also veiy sensitive to snow damage, either 
snapping or bending. 

In tropical countries plantations occur under 
wetter conditions than in the natural area of 

distribution. These plantations .ire fnund in 
highlands (1500—2500 m) with a mean annual 
temp^ature of 12-20*0, mean minimum tem- 
perature of the coolest month 2-8°C, mean 
maximum temperature of the hottest month 
18-2'1''C and mean annual precipitation of 
700-2000 mm. In Soutii Africa black wattle is 
cuhivated at 300-1000 m altitude where the 
climate is intermediate between that of the 
tre^s native range and tropical conditions. 
Black walile tolerates a variety of .soils, but 
prows best m moist well-drained, relatively 
deep and light-textured soils with pH 5-6.5. It 
does not grow on poorly-drained, calcareous or 
veiy infertile sit i s 

Propagation and planting Black wattle is 
usually propagated by seed, either sown di- 
rectly in the field, or in a nursery. Seed weight 
IS low: I kp c-ontains oO 000-80.000 seeds. 
Germination is rapid if seeds have been pre- 
treated with veiy hot water (90'C). Sometimes 
merhnnicnl scnrifirntion is used. Seeds retain 
their viability lor several (to over 50) years. 
Vegetative propagation is not veiy successful 
liut rcHited cuttings, bud grafts and tissue cul- 
ture have boon succpRsful in South Africa. Nor- 
mally no inoculation with Rhizobiiim is needed. 
Standard cultural practices can be used to raise 
seedlings in the nursety. Plantatkm sites diould 
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be well prepared by ploughing or soil rippinp for 
establishment, but for re-establishment pittmg 
is sufficient land preparation. 
When st'ffllings nn- used iii Ziinbiiliu \\\v ini- 
tial stocliing is about 2500 stems/ha, or a spac- 
ing of 2.7 m X 1.5 m. This is reduced to 2000 
stems/li;i when trees \ in Inll tmd to ir.OO- 
1700 stems/ha when they reach 7 m. Naturally 
regenerated stands are initially thinned into 
lines find then thinned to the same spacing as 
plant I'd sinnds. Wlirn seedlings are used in 
South Africa, the mitial stocking is about 2200 
stems/ha, whidi is reduced to 1600 stemsAia in 
one or two thinning operations. The direif seed- 
ing method uses 3-5 kg/ha of seed, sown m drill 
lines. Hie large numbm ol plants that grow axe 
then rigorous^ thinned and initial management 
is more intense'. 

Normally black wallle is not mixed with other 
species because its rapid growth hinders their 

devi^lopmcnt . 

Management Durmg the first year planta- 
tions diould be weeded. To maintain vigorous 
growth, thinnint,' shouM stiirt as early as 14 

months tifter planting, and should be repeated 
at least once. The degree of thinning depends 
on the management objectives; severe thinning 
favours stem diameter growth and bark pro- 
duction; denser stands are needed for good 
timber production. 

Corrective pruning is necessary if the growing 

point of young plants has been damaged (e g 
by browsing) and multiple leaders have devel- 
oped. Care ^ould be taken to control erosion, 
especially when plantation^ are burnt (e.g to 
promote regeneration). If properly managed, 
blade wattle may help to enrich soil nitrogen as 
a r(>sult of rbixobial nitrc^en fixation, and re- 
habilitate degraded lands. 

Diseases and pests The most cummun dis- 
ease of blade wattle is blade butt. The disease 
was first described early in the 20'*' rrntiiry as 
part, of the disease complex known as gummo- 
sis. Black butt may kill the tree but it also af- 
fects the yield and quality of the bark. Associ- 
ated |)athogens include Pliytoplitliora spp. and 
Bolryosphueria dolhidea. In Zimbabwe, black 
butt occurs mainly below 12C0 m altitude. A 

serious disease of black wattle in South .\frica is 
wattle wilt caused by Ceraiocystis albofutidiis. 
In the humid tropics, most damage occurs from 
fungal attacks of Armillaria, Corikium. Forties 
and Phylnphfhnra spp. under conditions with 
more than 3000 mm amiual precipitation. 
In its native range, black wattle is not cultivated 
because of serious damage by indig^ous insecta 



including the fireblight beetle Acacicnla orphana 
(synonym: Pyrgoides orphana); sometimes se- 
vere damage may occur in Brazil, too. In most 
tropical countries disf.isi' and pest attacks are 
generally not serious, although attacks by 
various insects, induding defoliators (e.g. wat- 
tle bagworm. Chaliopsis junudf) stem-borers 
(e.g. Plalypua aolidua), and caterpillars (e.g. 
wattle looper caterpillar, Aehaea lienardi) may 
occur. In Zimbabwe and South .Africa, the 
brown wattle niirid or froghopper Lvffidolnii 
laeiigatuin is the major pest affecting mamly 
young plantations. It attadcs the growing point 
of the leailin^' shoot and upper branches caus- 
ing stunted growth and a witches-broom ap- 
pearance. Black wattle is also attadced by cut- 
worms (Agrotis spp.) and whitegrubs (Scara- 
baeid larvae, e.g. Lopidiotd inanhoiia). 

Harvesting Plantations for lannin bark are 
usually harvested after (7-)8-10(-12) years, 

when trees are more than 18 m tall and have a 
diameter of nt least 15 cm. The bark is har- 
vested by rip])ing it at several points near the 
base of the stem with a hatdiet or short iron 
bar flattened at the end: the loosened strips of 
bark are pulled from the stem. After stripping, 
the bark is cut to bundle length; in Zimbabwe 

this is about 12 m. Strii)])ing is easiest diirin<x 
periods of active growth. In Zimbabwe, timber 
is windrowed for later recover} against pole 
orders, but mudi of it cannot be sold and is 
burnt during subsequent land preparation. 

Yield In South Africa typical yields of fertil- 
ized plantations are 15-25 vaflfha per year of 
wood and l.r)-2 t,1in of dry bark In tropic;d 
regions, and with good management, yields 
range between 26 m>/ha and 36 m^/ha per year 
of wood and from 0.9— 2 t/ha ofdiybark .\t the 
best sites (\()~4'>r>% of the yield consists of first- 
grade bark fi'om stems of at least 15 cm diameter, 
on poorer sites the proportion is only 40-60%. 

Handling after har\'e8t The har\-ested 
bark is either transported immediatel;y or dried 
locally first. In South Africa all baik is deliv- 
ered fi^sh to the mill. In Zimbabwe most bark 
is processed fresh, but liark harvested after the 
milling season is dried for processing during 
the next season. When dried bark is used, dry- 
ing should be done in partial shade; the inner 
bark darkens if exposed to direct sunlight . The 
bark discolours if it is re-wetted after drying. 
To obtain good bark quality, kiln drying is 
practised sometimes. In Indonesia trials have 
been done on portable chaixxial-burnmg drying 
kilns in which the baik can be completely dried 
in about 60 hours. During drying the baik curls 
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inwnrds; those 'sticks' are bundle d for transport. 
During prowssing, the bark may either be ex- 
tracted or prepared for marketing as drj* bark. 
Fresh bark is pi-eferred for i'Xtr;ictii)n, Dry bark 
is graded according to thickness, maturity, 
bghtness of colour, absence of corkiness and 
freedom fri>ni mould. It is marketed att chopped 
bark, ground bark or sometimes as dust, in 
pressed bales or in bags. 

Genetic resources It is thought that the 
seed u.sed for binrk wntflo plnntntions outside 
Austraha originated fixim a limited part of the 
natural range. Germplasm collections exist at 
die CSIRC) Division of For.'sl Research. Can- 
berra, Australia and at the Institute for Com- 
mercial Forestry Researdi (ICFR), formerly the 
Wattle lu s* ;nvi) Institute (WES), Ketermaritz- 
bur^ South Afrua. Some provenance testing 
has been done, e.g. by the ICFR and m China, 
but further studies are needed. 

Breeding Major brooding objertivos are 
enhanced vigour, better bark quality and stem 
form, and resistance to pests and diseases. The 
emphasis in the breeding programme in South 
Africa has shifted from improved bark yield 
and quality to improved timber yield and qual- 
ity with acceptable bark yield and quality. 

Prospects Due to substitution of ])lastirs for 
leather and the subsequent declme m the im- 
portance of tannin since the 1960s, black wat- 
tle cultivation has decreased in importance. 
However due to the growing importance of re- 
newable resources versus synthetic products 
made firom oil-tar, leather and skins tanned 

with vegetable tannin^ are likely to regain sniiie 
of their former economic importance. Black wat- 
tle is a potential substitute for synthetic tan- 
nins, which are widely used in the tanning in- 
dustiy although toxic for the workers and dam- 
aging the environment. More recently the de- 
mand for blade wattle timber in South Africa, 
and for export has led to the conversion of 
some eucalypt plantations to black wattle. 
Woodlots of black wattle are being planted by 
rural farmers in South Africa for fuel wood and 
as a sourcf- of building material. Black wattle is 
important because of its multipurpose func- 
tions and its adaptability to a wide range of 
erological ronditions inrluding degraded sites. 
Special consideration should be given to using 
blade wattle for soil rehabilitation in local land 
use systems. 
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Acacia NiLOTicA (L.) Willd. exDelile 

Protolog\ie Descr Egypte. Hist, nat.: 79 (1813). 
Family Mimosaceae (Leguminosae - Nhmo- 
soideae) 

Chromosome number 2ii - 52, 1(1 1 208 
Synonyms Acacia arabica (Lam.) Willd. 

(1806), Acada aeorpioides (L.) W.Wight (1906). 
Vernacular naiiMS Babul acacia (trade 

name), scented thorn, scented-pod acacia (En). 

Babla, gommier rouge, nebneb (Fr). Tchanga, 

goma da fndia (Po). Mjungu, msemehi, mgun- 

ga. mtetew I • (S\\ ), 

Origin and geographic distribution Acacia 
nilotiea is native to the drylands of tropical 
.'\frica and western Asia, eastwards as far as 
India, Myanmar and Sri l.anka. In .\fnca it 
occurs from Senegal to Egjpt and southwards 
through eastern Africa to Mozambique and 
South Africa (Xatal) and the Indian Ot-ean 
islands. It has been distributed throu^out the 
tropics and became naturalized in many areas, 
induding Cape Verde, Jamaica, Nepal, Indone- 




Aeaeia mlotiea - wUd and naturalized 
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sin. Vietnam and Australia. It is widely culti- 
vated in the Indian subcontinpnt. 

Uses The pods of Acaria iiilotiea are used 
traditionfilly in Nigeria and other sub-Saharan 
countnes for tanning leather and as a source of 
khaki-to-brown dyes if used without mordant, 
or grey Miirl lilack dyes tVir cotton combined 
with a mordant of iron-rich mud. The latter 
process gives the typical dark grey stripes in 
the hile , sampak* and 'siole' traditional cotton 
toxtiios of Cameroon and in the lantrfnnB tra- 
ditional cotton weaving of the Mumuye of east- 
em Nigeria. These textiles were locally and 
regionally used as currency well inti) the 20'*' 
offldtury and still have a great cultural impor- 
tance. Now they are mostly used as presents 
from a man to his future wife and in major 
religious festivals, clan gatherings and funer- 
als. Black dyes combining tannins most proba- 
bly obtained from 'sant' (acacia pods) witli iron 
mordant? have been idontifieH in ancient Rpyp- 
tian textiles dating from the 18''» D^Tiasty 
(1542-1305 BC) onwards. The dried mature 
pods used m local tanneries in Sudan produce 
a pinkish white leather of good quality. The tan 
stuff e.xlracted from the pods is mternationally 
called by its Hausa name: "bagaruwa'. 

In contrast in India rind Pakistan it is the bark, 
a by-pruduct from timber plantations, that is 
used for tanning and dyeing leather. The tan- 
nin produces a heavy leather which is film, 
durable and hard but combined with myro- 
balaus (from Teniiinalia species) it produces 
excellent leather. Baric tannin is used espe- 
m P.fnsal and Hangladesh for dyeing 
cotton and wool into various shades of brown 
and into black by combining it with a mordant 
of iron sulphide or iron -rich mud. 
Arin-ici nilotira is a truly multipuipose tree, 
widely used as a timber, source of fodder, tan- 
nin and gum, and as a fence, shade and fuel 

tree The dark brnwn heartwood is nearly twice 
as hard as teak and very shock resistant, and is 
used widely in constructions, for railway sleep- 
ers, mine props, tool handles and carts. The 
trees make <>n<>''ti\ <> li\ c fencing, are a good host 
for the semi-parasUic sandalwood (Scintalum 
tUbum L.) and are important trees for lac insects 
(shellac) in the Indian subcnntinent. (^um col- 
lected from the trunli and branches was for- 
merly used in paints and medicines. It has prop- 
eities similar u> imc gum arabic from Acacia 
aenegal (L.) Willd and is frequently used in cal- 
ico printing and dyeing as a thickening agent. 
It is also used as sizing material for silk and 
cotton, and in paper manufacture in India. 



The leaves and pods arc an excellent fodder, 
rich in protein. The flowers yield a honey of 
good quality. The Hausa people use roasted 
seeds as a food ilavouring In Tanzania the 
inner bark and the thick fi-uit pulp are boiled 
in water and drunk as a tea. In eastern Java 
(Indonesia) sprouted seeds are consumed as a 
vegetable, and well-roasted seeds are mixed 
with coffee. The bark of slender branches yields 
a fibre which is used for the manufacture of 
paper or i.s made into coarse ropes in India. In 
Africa twigs are used as a toothbioish. Acacia 
nilotica is also a popular ornamental avenue 
tree in India. The tannins contribute to its 
many medicinal uses, the plant actmg as a pow- 
erful astringent. A deooctian of the finit is con- 
sidered a febrifuge, and the seeds have antima- 
larial, antidiabetic, antihypertensive and anti- 
spasmodic activities. The pods have molius- 
cicidal and algicidal properties, and are added to 
ponds in Sudan to kill snail species that carrj' 
schistosomiasis without aflectmg the fish. Hie 
baik, gum, leaves and pods are used in many tra- 
ditional medidnesy possessing anti-inflammatoiy 
properties. 

Production and international trade In Af- 
rica production and trade in tannin, timber and 

other products of Acacia iiilntica is important 
locally and nationally, but few products enter 
international trade to any extent and recent 

statistics for <l<)mesticconsuni];l l un .nui t \])orts 
are lacking. In India annual production of ba- 
bul acacia bark for tannm was estimated m 
1994 at 22,000 1, worth 1.2 million US$. 

Properties In lndi;i trmnin cmitents of en- 
tire puds of Acacia nilulica vary from 12—19% 
and from 18-27% after removal of the seeds. In 
Sudan de-seeded pods can readi tannin con- 
tents of up to 50%. Seeds are usually removed 
because of their high content of sugar-like 
componente whidi tend to cause the tannin 
liquor to ferment. The pods produce a light- 
coloured, soft leather, ideal for book binding. 
Tannins fix>m fallen pods are hydrolyzed in the 
soil to gallic and ellagic acids which are allelo- 
pathic to the herb layer Two highly active fla- 
vanoi moUuscicides, epigallocalechin-7-gallate 
and epigallocatechin-5,7-digalIate, have been 

isolated from ivnls R.-irk ofbabul ;ic.aria ronsti- 
tutes one of the most important tannmg mate- 
rials of northern India; tannin content varies 
from 7-20% on a dry weight basis, with a tan- 
nin/non-tannin ratio of \.r>. The tannins which 
belong to the pi-oanthocyanidin type, increase 
in content in the bark as the trees age. The 
bark also contains colouring matters of the 
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phlobaphene reds tj-pe, ifivinff a dark colour to 
the leather. Improved results for tanning 
leather are obtained by mixing bark with my- 
n4i;il;ins (two parts to one) or coutioUing the 
pH of the tan liquor. 

Tests in Kenya showed that the tannin con- 
tents of Acacia iiilotica bark and bark extract 
are low (11.5-13% and 49.5-55%, respectively) 
in comparison to Aeaeia meamiii De Wild. The 
tannins are less aslringc^nl and weakly bind- 
inp and prnofratr- hide rather extensively, 
leading to a comparatively soft product, which 
may however be brittle and non durable. Mix- 
tures of an Acacia nilotica bark extract with 
the highly astringent bark extract of Arocta 
aenegcd in a ratio 3 : 1 give good results in tan- 
ning and may be used as a substitute for Aca- 
cia iiwaDtsiihark extracts 

The wood is strong, tough and heavy, with a 
density of 660-830 kg/m* at 16% moisture con- 
tent, but a den.sity of 1 1 70 krr.'m ' lins been re- 
ported for wood of South African origm. At 15% 
moisture oontent, the modulus of rupture is 88 
N/mm3 modulus of elasticity 11,060 N/mm^ 
and the compression parallel to grain .■■>2 5 
N/mm-. The wood has a high content of silica 
which rapidly bhints cutting tools but is very 

durable if seasoned well. The wood is an excel- 
lent fuel, the energy value of moisture free 
heartwood being 20,710 kJ/kg. It yields a high 
prade charcoal with an energy value of 27,950- 

28 am kJ/k-jT^ 

The nutritional composition of the leaves on diy 
weight basis is approximatelsr: crude protein 
1.3.9%. crude fibre 9.2%. N-free t-xtnu-t m.H%. ash 
7-10%, ("a 2.(J%. Mg 0. 1% and P 0.1% and theu- 
palatability is gond. The pods are also used as 
fodder containing about 11—1(5% crude pn)tein 
and 8—21% n-ude fibre, even though they al.so 
contain taimms. The seeds have low levels of the 
proteinase inhibitors trypan and diymotrypsin. 
The gum of Acacia in'Intica varies in colour 
from verj- pale yellowish brown to dark reddish 
brown depending on the quantity of tannins in 
the sample. Th<' lighter more highly valued 
gums are soluble in w aler and ver>' viscous; the 
tannms in the darker gum reduce the solubility. 
The gum has a moisture content of about 13% 
and is slightly dextromtnty. It is composed of 
galactoaraban which gives on hydrolysis L- 
arabinose, D-galactose, L-ihamnose, D-gluouranic 
acid and l-O-methyl-D-glucuronic add. 

Description Single-stemmed, evergreen or 
deciduous tree up to 15(-25) m tall; root system 
deep and extensive; trunk strai^t, up to 100 
cm in diameter; bark rough and longitudinally 




Aeeteia niloliea - 1, flowering brmieh; 2, flower; 

[mils. 

Redrawn aiid adapted by lahah Syainaudiii 

fissured, 1-1.5 cm thick, grey to brownish 

black younger stems grey-brown and smooth; 
crown flattened or rounded; branchlets with 
paired stipular spines 1-5 cm long, straight but 
usually characteristically directed downwards. 
Leaves alternate, bipinnately compound, with 
2-14 pairs of pinnae; petiole 0.6-2.6 cm long; 
rachis 1-10 cm long, with glands at the base of 
narh pair of pinnae or top few pairs only leaf- 
lets in 7-36 pairs per pinna, elliptical or nar- 
rowly oblong, 1.5-7 mm x 0.6-2 mm, rounded 
and oblique nt li.ise apex obtuse, glabrous to 
pubescent. Inflorescence a globose head, 1-6 
per leaf axil, with a pair of small bracts in 
basal half of pedtmcle; head c. 50-flowered. 
Flowers bisexual or m^de. l-(5-meruus. bright 
or golden-yellow, sweetly scented; calyx lobes 
1—2 mm long, glabrous or pubescent; corolla 
lobes 2.r)—\\.^ mm long, glabrous or pubescent: 
stamens numerous, free, up to G mm long, 
glandular; ovary superior, 1-celled, style long 
iind slender. Fruit an oblong to linear, flat- 
tened i)od, 1-22 cm X 1-2 cm, straight or 
cui-ved, margins entire or deeply constricted 
between the seeds, the position of each seed 
clearly marked by a distinct raised bump in the 
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pod valves, dark brown to grey, glabrous or 
velvety, in dehiscent , 6-17-seeded. Seeds ellip- 
tical to dmilar in outline, flattened, 6.5-9 mm 
X r»-8 mm, dark brown to lirownish black 
Seedlmg with epigeal germination; cotyledons 
drcular-ovate, stalked. 

Other botanical information Acacia is a 
large pantropical genus, comprising more than 
1300 species; most of them are found in AuS' 
tralia (more than SJOO), more than 200 in Amer- 
icn. and .iliUit l.'U) in Afrira Arand iiifnUrn 
belongs to subgenus Acacia, which accommo- 
dates all the African Acacia species with 
straight spitu sf-ent stipules. Nine subspecies 
are distinguished in Acacia nilolica separated 
by pod and tw% diaraeteristica and tree shape. 
In tropical Afinca the following 7 subspecies 
occur: 

— subsp. adstruigeus (Schumach. & Thunn.) 
Roberty (synonym: Acacia adansonii Guilt. & 

Porr ): yoiinp branrhlrts donsoly tomcntr.si 
pods not necklace-like, 13-21 mm wide, mar- 
gins distinctly, often irregularly crenate, sur- 
face denm ly tomentose. In Africa from Sene- 
gal and < lambia to Somalia; also in western 
Asia to India. 

— subsp. itidica (Benth.) Brenan: similar to 

subsp. nilntica but the pods densely white- 
hairy. In Africa naturalized m Ethiopia, So- 
malia, Kenya, Tanzania and Angola; indige- 
nous from Yomon to India and Myanmar 
cultivated in Iran and Vietnam, and natural- 
ized in AustraUa, 

— subsp. krausnaaa (Benth.) Brenan: similar 
to subsp. adslringcus but pods with margins 
shallowly crenate, pubescent all over at first 
but the raised part over the seeds becoming 
g!al)n>s( enl and shiny black when dry. From 
;\ngola and Tanzania to South .\fricn 

— subsp. leiocarpa Brenan: young branchlets 
glabrous to shortly haiiy; pods not neddace- 
liko, narrow (lO-l.T mm wide) margins 
straight or slightly crenate, almost glabrous. 
Restricted to coastal eastern Africa from 
Ethiopia southwards to Mozambique. 

— subsp. lulotica: young liranchK-ts glabrous to 
shortly hairy; pods necklace-like, narrowly 
and regularly constricted between the seeds, 
almost glabrous. From Mali and Burkina 
Faso to Sudan and Egypt; it has been culti- 
vated in Tanzania, Iraq and the Arabimi 
peninsula 

— subsp. stilxiliila (V'atkc) l^nnan (s\-nonym: 
Acacia siibalala Vatke): similar to subsp. ad- 
stringens but pods with straight or only 
slii^tfy crenate margins. In Africa in Sudan, 



Ethiopia, Somalia, Kenya, L'ganda, Tanzania 
and Madagascar; possibly olso in Pakistmi, 
India and Sri Lanka . 

- subsp fontcnlDsu (ncnth ) Hrenan: similar to 
subsp. indica but also young branchlets 
densely white haity. Restricted to Africa, 
from Mauritania and S^egal to Sudan, 
Ethiopia and Egypt. 

Subspecies with necklace-like pods (subsp. 
indica, lUlotiea, tomaUo$a) tend i>< In i;ill nv- 
orino trees or occur in seasonally flooded areas, 
while those with straight er margins to the pods 
(subsp. adattin^ens, krauaaiana, leiocarpa, aub- 
alata) occur in drier sites. Occasionally inter- 
mediates between the subspecies are found and 
several questions about the pattern of varia- 
tion within Acacia nilotica are still unsolved. 
Anatomy Wood anatomical description: 

— Macroscopic characters: 

Heartwood pale red to pinkish brown, often 
darkening upon exposure, distinctly demar- 
cated from the yellowish white sapwood. 
Growth rings indistinct. 
Growth and development Acacia nilotica 
is a pioneer species. A deep and extensive root 
system is formed on dry sites, the taproot de- 
veloping first and then the laterals, which be- 
come compact and massive with age. On 
flooded sites however, the ruot system is 
largely lateral. Acaeia nUotiea nodulates and 
Hxes nitn^en throu^out its natural range and 
forms myenn-bi/al associations with Cilnwiis 
spp. It produces root suckers on rare occasions 
only. Aetieia nilotica flowers at a relatively 
young age. amund ."Vl-years n\d under ideal 
conditions. Flowering is prolific and occurs on 
current^eason growth mainly during the rainy 
season. If adequate moisture is available flower^ 
ing can occur a number of times during the year. 

EU;ology Acacia nilolica is a tropical species, 
growing where average annual temperatures 
range from l.'i-2H°0, being frost .sensitive when 
young and withstanding dail>' maximum tem- 
peratures of 50*C. The mean maximum tem- 
peratuie of the hottest month is 25-12 and 
the mean minimum temperature of the coldest 
month 0— 23''C. It occurs from sea-level to over 
2000 m altitude. Aeada nilotiea prefers diy con- 
ditions, with an annual rainfall of ( l(in— VJoO— 
1500(-2300) mm, however the extremes are only 
found under irrigation or where it is planted 
outside its natural range, e g. in S i • li -l];ist 
.i\8ia. In India the optimum ]()wer ramlall limit 
is around 600 mm without irrigation, it occure 
in both unimodal and bimodal rainfrdl regi<ni8 
with summer or winter regimes. Depaiding on 
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the subspecies, it will tolerate both drought and 
flooded conditions for several months. 
Acacia nilolica in .AiVica exhibits two very dis- 
tinct (■(•oldtiicn! [nc-ferenfes Sul)sp, iidstriii- 
gens, leiocarpa and subalata occur in wooded 
grassland, savanna and diy scrub forests on 
(Jeep sMinly to loamj' soils and also on lateritic 
and calcareous sites. Subsp. kixtuaaiana also 
prefers dry gra$«$tlands and savannas, espe* 
daily on comp.n i! - unly loam, shallow gran- 
ite or elny soils ahjnj; drainage lines and rivers 
but away from flooding. On the other hand, 
subsp. niloHea and tomentoaa are restricted to 
rivenni habitats and seasoualfy flooded areas 
on aliuvial clay soils. 

In the Indian subcontinent, subsp. indica oc- 
curs in dry forests at low altitudes, usually on 
alknial soils subject to lloodinK or on black 
cotton soils. It is now widely planted on farms 
throughout the plains and will also grow on 
saline, sodir or alkaline soils and on soils witii 
calcareous pans. 

Propagation and planting Acacia nihtiea 
can be easily propagated by seed. Trees pro- 
duce seed in abundance f'lom around ."i-T-years 
old. Seeds can be extracted from the pods while 
seeds ^eeted by sheep during rumination or 
those from cnttle anH poat droppings may be 
collected. The latter seeds germinate easily due 
to fermentation and moistening. Seed weight 
varies from 6,600—11,600 seeds per kp. ( Jermi- 
nntion rnpnrity varies from .'in-;)()%. <;ermirn- 
tion starts 1-3 weeks after sowing and is 
mostly complete in one month. Pre-sowing 
treatment is required once seed exhibits dor- 
mancy as the seed coat is very hard. Seed may 
be immersed in hot water (80*C) for about 30 
minutes or in boiling w.iter for 10-15 seconds 
and then so.-)k<Ml foi- 21 hours in cold water 
before sowing. Germmation can also be im- 
proved by mechanical scarification, by soaking 
in roncrnf r.itctl stilphurie nrid (90%) for lO-.^O 
minutes followed by rinsmg in cold water, and 
by fermentation in moist cow dung for 48 
hours. Growth is rapid, and when planted in 
polytubes seedlings reach a height of 2.">-.30 cm 
in 4 months. Acacia nilolica is selective in its 
association with RhiztAium and forms effective 

root norlules with only n few strains. See<l 
mixed with Rhizobiiim strain ANM 18 in a 
sluny and then sown in polybags has shown 
s^inificantly increased seedling growth. Direct 
sowing in the field is the most common method 
of plant ing. Sowing in Ime with a seed rate of 1 
kg/ha is recomm^ded. For tranqolanted seed- 
lings a spadng of 3 m x 3 m is common; when 



planted for the production of tannin and gum, 
a spacing of 1 m x -i m is recommended. 

Management Plantations of Acacia nilotica 
for timber tannin or gum production require 
regular weeding and thmning to mamtain 
maximum growtii. Along the Blue Nile in Su- 
dan, thinning begins from 4-5 ye;ns and cun- 
tinues in 3-year cycles. An ideal stuckmg den- 
sity at 30 years is 100 trees/ha for 28 m tall 
trees and 400 trees/ha for 14 m tall on<>s. In old 
stnnds in Sudan used for fuel wood extraction 
there is evidence of adequate natural thmning 
cmd additional thinning seems not justified. 
Plantations in Sindh and Punjab (India) are 
irrigated at 3-7 day intervals after sowing, and 
2-3 weedings are sufficient to control weed 
growth. Spot sowings with 10-1.5 m i is per hole 
did not leqiiire weeding, but needetl earl\ thin- 
ning and then thinning at 5-yearly mtervals. 
For 6-year-old stands a density of 1200 trees/ha 

is recommended. Trees pollard well and ran be 
freely lopped for thorn fences; however heavy 
lopping reduces tree growth. Use of NPK fertil- 
izers did not prove economically worthwhile in 
plantatinn< t.'rii\Mi on a 20-2-") year rotation 

Diseases and pests Several lungal diseases 
and insect pests attack Aeaeia nUotiea but 
none limits its cultivation Fniiws baditis and 
Ganoderma liicidtiiit are the most damagmg 
fungi, causing spongy rot, afi'ecting the heart- 
wood of the stem and branches of old trees. 
Removal of infected trees and sporophores and 
improved soil aeration provide some protection. 
In India the beetles Celostema scabraior and 
T'sihiptcra fastuosa are the most destructive 
msects. Celuslerna scabrator is a rout and stem 
borer, feeding on young baric. In Maharashtra, 

larvae an' hand collec-ted to reduce damage. 
Psilnph'ni ftj.sliiosii defoliates and gnaws the 
bark of thm twigs. Larvae of Ascolis sp., 
Qmala sp., Hypondra sp., Pteroma sp. and 
Srviiolhpsn sp. defoliate the tree, larvae of .\r- 
gyroploce iUepida bore into the pods, grubs and 
adults of the weevil HypoUxus tmneatuhu 
damage seedlings and saplings. Seeds are often 
predatf-il In briichid hectics that may destroy 
up to 70% of ihem. A dieback disease in Suda- 
nese forests was due to a buprestid beetle. 

Pnwdi'r-posf beetles ( Siiinxylnii spp. and I.yrhis 
africauua) attack the sapwood of felled timber. 
Wild animals, camels and goats can cause sig- 
nificant damage to the trees although light 
grazing by sheep may help to remove compet- 
ing grass. 

Harvesting Plantations of Aetteia nUotiea 
planted for timber and fiiel wood production 
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arc usually harvested on a 10-20 j rar rotation 
with the bark as a useful by-product. In India 
the bark is sejjtuated from the logs bj"^ beating 
them with malk-ls Thf strips •aw thon sun- 
dried, chopped mto small chips before being 
sent to tannerieB. Baik from trees up to 10 
yt'jirs old yields a litihtrT tannin vvhit-li is pre- 
ferred in Pakistan. In sub-Saharan Africa, pods 
are collected for tanning, preferably from the 
tree and soon after turning black, to avoid 
mineral rontnmination from soil. Pods ran bo 
harvested at different ages to vary the colour of 
the tanned leather. In Sudan pods that have 
boon hsHlly ground to remove seeds and fi- 
brous matter, yield up to 60% tannin. For har- 
vesting the gum, strips of bark 6-7.6 cm wide 
are removed firom the trunk in the dry season, 
the bark around the eut is bruised with a 
hammer, and gum nodules form where the 
trunk has been damaged. Gum dries on contact 

with rur and is rnllerlod a feW days later. 

Yield Productivities of plantations and natu- 
ral stands of Acacia nilotiea vary considerably 
with site conditions. Growth rate is relatively 
fast, with average timber yields for plantations 
on drj- sites of 3-6 m^/ha per year usmg a lo— 
20 year rotation with 700-1000 treesyha (10-12 

m tall) Maximum yiel<ls nf uji to H niMi.-i per 
year 10—15 years after plantmg have been ob- 
tained in Rajasthan and Uttar Pradesh (India). 
In the riverine forests of Sindi (Pakistan) a 
maximum moan annual inrromont of 13 m^/ha 
at 20 years, and 10.5 mVha at 30 years has 
been recorded. Estimates of standing biomass 
range from 3fi t/ha fur "t-year-old plantations to 
307 t/ha for 17-year-old plantations in Ilaryana 
(India). In India 10-year-oId trees yield about 
35—40 kg bark, or about <i i/lia, and plantations 
of about (500 trr'cs/ha [irodiice 1 1! t bark ]o 
yeais alter planting. ^Average annual pod j'ield 
from the plantations is 8-10 t/ha. In Sudan 
individual trees yield 18 kg pods per year. 
Young trees in India yield annuallj' 0. 1-0.6 kg 
gum per tree, older trees yield less. 

Handling after harvest Both pods and 
bark ol Acacia nilotiea are usually sun dried 
before being transported. To increase the tan- 
nin jrield of the pods, seeds and fibrous matter 
are remf>ved from them. Soods may also pro- 
voke fermentation of the tannin due to their 
sugar content. In Sudan the traditional process 
for preparing leather is carried out in pots or 
waterproof pits in the ground of about 1 m in 
depth and diameter. Hides are lu'st soaked m a 
river until they are completely clean, rehy- 
drated and soft. Th^ ihey are plunged into a 



lime bath to destroy or soften the epidermis 
wherebj' also the hair or wool is loosened, and 
to destro}' loose meat, sweat glands and blood 
vessels in the skin to facilitate the absorption 
of the tanning substances. Fresh hides are 
generally washed for about 2 hours, dry-salted 
hides 12-24 hours and flint-dried hides a little 
longer. In the bath the skins are stirred at 
least once a clay, .\fter this bath the skins are 
steeped in pigeon or dog dung for about 24 
hours and then enter a tan bath with a solution 
prepai-ed from babul pods (about 15 kg pods m 
40 1 water tan about 30 hides). This tanning 
takes 24-48 hours and the skins are stured 4- 
5 times per day. After tanning the skins are 
first steeped in a saturated salt solutitm and 
then dried over a beam. The skins are softened 
by rubbing with a sni<ioth stone or pieee of 
wood. After drjing the leather may be dyed. In 
Djibouti hides of goats to be used as water con- 
lainors are tanned by simply filling the skins 
with crushed wet pods for 48 hours. Among the 
Hausa people in .Nigeria, taimed hides are dyed 
into 'kuloko' black with a mixtui I i i . ished 
sant' |>ods (Acaeia iiilofica) and blueksinith's 
iron refuse first steeped m water and left for 
several days to ferment and th^n oonoentrated 
by lioilin^i and Ihickrnod with honey or sugar. 
The dye is applied with a piece of leather over 
the whole surface of the skin or in stencilled 
patterns. In Malawi diy pods are pounded and 
mixed with black ferruginous mud plastered on 
doth to dye it black. 

Geuetie resources Acaeia fiUotiea is very 
widespread and is not threatened. Subsp. 
Iieiaiaphefica Ah & Faruqi however, endemic to 
a restricted area in Pakistan, could be under 
threai nf i \t inction. Acacia iiilolica is among a 
number of sporios selorted by K.\f )/lBPOR in 
the late 1970s for exploration and conservation 
in arid zones. Some international collections 
wore made from relatively few sites. Range- 
wide collections in AMca have been under- 
taken by the Oxford Forestiy Institute (OFI, 
United Kingdom) and members of the African 
Acacia trials network (comprising OFI, CIRAD- 
Foret and the Danida Forest Seed Centre- 
DFSC), co-coordinated by FAO. International 

provenance trials ha\-e bef»n planted but these 
have yet to be evaluated. In India large prove- 
nance trials have recently been planted. 

Breeding Most |ilaiinii^ A' Acaeia nilotiea is 
still based on seed Irom local provonancos. In 
India data on germination, seedling growth 
and nitrogen fixation are available firom re- 
cently planted provenance trials. Selection for 
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products such as tannin or pum has not been 
undertaken. Isostjine banding patterns sug- 
gested that Aeaeia nilotica is autotetraploid, 
disphiv inK' tetniwmif inhf-ritance Acucin 
nilolica is self-compatible and approximately 
60% of seeds are set through self-pollination. 

Prospects Acaciit iiilntica is a very useful 
multipurpose tree and has been traditionally 
used and planted in Africa and Asia as a source 
of (nnnin, brown, grey ,iiid lil.nk ilyes gum. 
timber, fodder and fuel. The dyes and tnnnins 
extracted from the pods are excellent examples 
of renewable resources since they do not inter- 
fere with the plant t;r"\\th Heing easy to 
propagate by seed, £ast growing, nitrogen fix- 
ing, tolerant of poor soils and arid conditions it 
will always have a role to play in the reclama- 
tion of degraded areas where fuel and timber 
supplies are lacking. 

Major references Brenan, 1983; Burkill. 

1995; Fngg & nronves 1990; Imperinl Institute 
1930; Lamb & Lamb, 1981; Mugedo & Water- 
man, 1992; Nonaka, 1989; Raymond, 1951; 
Sheikh, 1989; Wulijami-Soetjipto & Lemmens, 

1991 

Other references Adewoye & Rao, 1977; 
Anderson, Hirst & Stoddart, 1967; Arbonnier, 

2001: .\youb, 1985 (\\P. International, 2000; 
Oafallali & Al-Mustafa, 1996; Fagg, Barnes & 
Marunda, 1997; Gilani et al., 1999; Krishan & 
Toky. 199r>; Luna, 199f); Mandal, Ennos & 
Fagg. 199 1 Mohanty, Chandramnuli & N'aik 
1987; Nongonierma, 1976; Rao & Purkayastha, 
1972; Singh, 1982; Tandon et al., 1988; Tindale 
& Roux. 197rr Tn.up & Joshi. 198.V \'an- 
tomme, Markkula & Leslie, 2002; Watt & 
Breyer-Brandwijk, 1982. 

Sources of illustration Brenan. li)70. 

Authors C.W'. Fagg & James Z.A. Mugedo 

ACRIDOCABPUS EXCEUSUS A. Ju8S. 

Protologue Ann. Sd. Nat., Bot., ser. 2, 13: 

271 (1840) 

Family Mal|)ighia<-eae 
Vernacular names .Mavoravo (En). 
Origin and geographic disMbutioii Aerido- 

nirptis ,:\vr!siis is endemic to Madagascar, where 
it is widespread. 

Uses The bark of Aeridoearpiis exedms is col- 
lected from the wild, pounded fresh or dried and 
boiled for 2-.3 hours. The de(T>rtion can he used to 
dye fibres deep red by simple immersion. The 
fibres can also be mordanted afterwards by 
steeping them in a solution of tamarind 



(Toinarindns indica L.) o.sh, which produces a 
fast red-brown. .\ decoction of the bark is used 
against diai rlioea and dysentery. 

Properties The hark ni' Aeridoearpiis I'xcel- 
sus IS rich m tannm and has astrmgent proper- 
ties. The wood is red and hard. 

Botany Decidudiis shrub or small tree up to 
15 m tall, with thick, grey, roughly fissured 
bark. Leaves opposite or alternate, grouped at 
the end of branches, simple and entire; stipules 
absent; petinle up tt) 1..") em long; blade lanceo- 
late to obovate or elliptical, up to 8 cm x 3.5 
cm, leathery, often silky pubescent below, pin- 
nalely veined with lateral veins in 7-12 pairs. 
Inflorescence a terminal raceme 2-7 cm long, 
8-16-flowered. Flowers bisexual, zygomorphic, 
5-merou8; pedicel 1-2 cm long; sepals ovate- 
elliptieal. up to 3 .5 mm x 2 mm; petals un- 
equal, elliptical, 6—11 mm x 5—7 mm, clawed, 
more or less curled and concave, margins fim- 
briate yellow stamens 10 imequal. niaments 
up to 2.0 mm long; ovai;>' superior, globose, 3- 
oelled, styles 2, up to 6 mm k>ng. Fruit a sam- 
ara up to 3 cm X 1.6 cm. 

Acridocarpus comprises about .30 species, dis- 
tributed in mainland Africa (23 species), 
Madagascar (4 species), the Arabian Peninsula, 

India and Xew ('aledonia (earh 1 species). 
Mainly based on differences m fruit and leaf 
characters, Aeridoetupus exeelsus has been 
subdivided into 4 subspecies, some with several 
varieties Tt h.as the habit of an olive tree and is 
somewliut lire resistant. Most Acridocarpus 
species with a thick and tannin-ridi baric are 
u-ed .igainst diarrhoea, 

£cology Acridocarpus excelaiia occurs from 
humid littoral forest to dty deciduous forest 
and thickets. Il is usually found on dry, rocky 
and sandy soils, from sea-level up to 1250 m 
altitude. 

Genetic resources and breeding Acrido- 
carpus cxcpIsus is widespread in Madagascar 
and does not seem to be in danger of genetic 
erosion. 

Prospects Acridocarpus excdmu as a source 
of red dje will remain only of some importance 
locally. However, the use of natural dyes in 
Madagascar is being revived to produce tradi- 
tional textiles for the international market 

M^jor references Arenes, 1950; Decat^ , 1946; 
Etheve, 2005. 

Other references Schats, 2001. 

Authors P.C.M. Jansen 
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Adenorandia KALBREYERl (liiern) Kobbr. 

& Bridson 

Protologue Advances Rubiac. macrofi|3rst. (Op. 
Bot. Belg. 6): 198 (1991). 
Family Rubiaoeae 

Synonyms (Idiclciiid L-dllivyi'ii Iliern (1878). 
Paeiuiogaixlenia liulbivyeri (Iliern) Iveay (1958). 

Origin and geographic distribution Adeno' 
rtmdia kalbreyeri occurs from southern Nigeria 
to u-o>itom DR Congo and northern Angola 
(Cabmda). 

Uaea A blue fluid is extracted from the fruit 

of Adenorandia kalbreyeri. which acts as a 
black cosmetic and as a tattoo dye. The plant 
has a high ornamental value as a climber with 
fragrant lily-Hke flowers. 

Botany Scandi'nt shrub or Uana with stems 
over G m long. Leaves opposite, simple and 
entire; stipules 4—10 mm long, usually falling 

off; petiolo mm lonp: hlnde ohovato 7-2 1 

cm X 4-10 cm, base cuneate to truncate, apex 
acuminate, pubescent below, pinnately veined 
with lateral vi ins ii; 8-15 pairs. Flowers soli- 
tary, terminal on latcriil liranches bisexual, 
regular, 5-merous, very fragrant; pedicel up to 
1 em long; calyx tubular, 2-4 cm long, widening 
at apex with ovate-lanceolato lohos up to 2.o 
cm X 1.5 cm, densely pubescent; corolla tubu- 
lar, tube 10—16 cm long, lobes ovate to lanceo- 
late, 4-8 cm X 2-4.5 cm, white, yellowish or 
greenish with ivH-iiuriilc streaks inside, pubes- 
cent; stamens inserted m the upper part of the 
corolla tube, sessile, anthers up to 3 cm x 3 
mm; ovary nifcrior l-celled styli' with gla- 
brous columnar liasal part and pubescent elUp- 
aoid ujjpc r pari up to 3 cm X 1 cm, shortly 2- 
lobed at apex. Fruit a leathon,-, almost globose 
beny up to 8 cm x 6 era, with 10-12 longitudi- 
nal grooves and more or less persistent caljx 
tube, many-seeded. Seeds discoid. 
Adennranrlin comprises a sinplc .^porios and is 
classified in subfamily Rubioideae, tribe Car- 
denieae. It is closely related to the larger gen- 
era Gardenia and Rothm<iiiiii<i 
In Gabon the fruits of anolh, i liliiliiaceous 
climber, AorantJw annulata ^l\.Sclium.) Somers 
(i^onym: Rmtdia bUeshu Pellegr.), also pro- 
duce a black 6iy9, which is similarly used 

Ecology AdenorcHidia kalbreyeri occurs in 
primaiy as well as seoondaiy rain forest, often 
in forest edges also in secondary regrowth in 
aband<ini (i cvdtivation areas. 

Genetic resources and breeding Adeno- 
nmdia haB>reyeri is rather widespread and does 
not ae^ to be in danger of genetic erosion. 



Prospects Adenorandia kalbreyeri will re- 
main of minor importance as source of a dye. 
Its phs^todiemistry in relation to its dyeing 
properties, as well as its ornamental potential 
deseiA'e more attention. 

Major references Burkill, 1997; Hall4, 1970; 
K,ip-.iiri.:i-W;ilk. r & Silb.ns, lOni 

Other references liobbrecht & Bridtiun, 1993; 
Somers, 1988. 

Anthors P.C.M. Jans^ti 

Alectrasessiuflora (Vahl) Kuntze 

Protologue lievis. gen. pi. 2; 458 (1891). 
Family Scrophulariaoeae (APG: Orobandia- 

ceae) 

Origin and geographic distribution Alert ra 
aesailiflora is widespread and found all over 
tropical Africa and subtropical southern Africa, 
tbroutrh the Indian Ocean islands to tropical 

Asia. 

Uaea The yellow to orange flowers and roots 
(haustoria) of Alerlra si ssiUflora have been 
used by niral people ni South Africa to dye 
cloths and other textiles. In DR Congo a golden 
yellow dye is extracted which is used for colour- 
ing wood. In traditional mi'dii inc tn Tanzania 
leaf sap is taken to hasten childbirth and plant 
ash mixed with castor oil is rubbed onto scars 
caused by leprosy. A root decoction is used as a 
mouthwash against tooth ache and given to 
small children to treat diarrhoea. In DR Congo 
macerated fr^sh plants are eaten by pregnant 
women as a galactagogue, and a leaf dfvoft mn is 
used against kwashiorkor (severe mahiutrition 
in chil(h«n resulting from a diet excessively high 
in carlii>li\ .{rates and low in protein). 

Botany Krect annual herl> iiji to *;iO cm tall, 
with straight, simple or branched, hairy stem. 
Leaves opposite, simple; stipules absent; peti- 
ole up to :i mm long: blade circular to ovate or 
lanceolate, 1.5-5.5 cm x 1-3 cm, base cuneate, 
rounded or cordate, apex acute or obtuse, mar- 
gin almost entire to coarsely toothed, rigid- 
hairy to almost glal)ious Flowers solitary in 
axils of upper leaves, bisexual, slightly zygo- 
morphic, sessile or with pedicel up to 0.5(-1.5) 
mm long: l)racteoIi's im* ar to filiform: calyx 
campanulate, U— 8 mm lung, 10-veined, 5-lobed 
with triangular lobes 3-6 mm long; corolla 
campanulate, slightly kmger than calyx, pale 
yellow to dull orange, sometimes with reddish 
veins, withermg but not fallmg off; stamens 4, 
2 l(mger ones with l<mg-haiiy filaments; ovary 
superior, glabrous, 2-celled, style davate above 
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the middle, reeur\'ed, included with stamens in 
corolla. Fruit a globose capsule c. 5.5 mm in 
diameter, glabrous, many-seeded. Seeds linear 

to clavate. smsdl 

Alectra comprises 30—10 species and is distrib- 
uted pantropically, with about 30 species in 
tropical Africa. Alectra sessili flora \< \ < ly vari- 
able and might turn out to be a complex uf spe- 
cies. Three varieties have been distinguished, 
mainly husvtl on (iifiVrcni-es in leaves and in 
degree of puhcscencf (if several parts. 
.rl/ec//a sessiliflora is a hemiparasitic weed on 
the roots of Aateraeeae, grasses and a number 
of crops U'.ff. groundnut, maize, sugar cane), 
Seeds require a chemical stimulant from the 
hiattt roots in order to germinate. The tempera- 
ture also plays an important role for successful 
germination. Aleclra sfssiliflora is at least 
partly dependent on the host for minerals and 
water, and it can become a serious pest in 

ero])< 

Ecology Alectra aesailiflora is found in 
grassland and cultivation areas, from sea-level 
up to 2500 m altitude. 

Genetic resources and breeding Alectra 
sesaUi/lura is very widespread and not in dan- 
ger of genetic erosion. 

Prospects Most prob;ihly Alectra sessiliflora 
will remam only very locally of snmc impor- 
tance as a dye source. Its medidnni | luperties 
need further investigation for evaluation. 

Major references Burkill, 2000; Phikox, 1990; 
van \\ yk «ic (Jencke, 2000. 

Other references Chifiindera, 2001; Haerdi, 
1964; Hepper HW); Ilcppfr 19G3: Kokwaro. 
1993; Neuwmger, 20U0; Van der Merwe, 1993. 

Anikors P.C.M. Jansen 



AlX)K/.i:i{ltlNA Haker 

Protologue Trans. linn. Soc., ser. 2, Bot. 1: 

26-1 (1878) 
Family Asphodelaceae 

Vernacular names Zi lira leaf aloe, spotted 
aloe (En). Alui's .o l^n tM.'lirti' I'Frl 

Origin and geographic distributiou Aloe 
zebrina is widespread in southern Africa, from 
Angohi. throuyh Xamibia, Botswana and Zim- 
babwe to Mozambique. 

Uses Particularly in north-western Bot- 
swan.i ( \'[,'nmiliincl), but nl- i where in its 
distribution ;ir< ;i the roots itl'.l/oe zebriiia are 
among the mum dyes for the Hypliaene palm 
fibres used in basketry weaving to whidi they 
give a golden-yellow colour. They have been 



adopted for wool djemg by European settlers 
who introduced the use of metallic mordants 
such as alum to obtain more intense, fast col- 
ours Other uses iiu-lude the making of cakes 
with the boiled and pressed flowers among the 
people along the Ktmene river in Angola. Med- 
icinally, a decoction of the [low deled stem and 
leaf bases is taken orally twice a day by women 
after delivery to cleanse the system. The (bitter) 
juice of many Aloe species is used as a powerful 
purgntive nnd worm expellnnt .ns ilisinfertnnt 
for wounds, and to treat skm problems mduding 
conjunctivitis. Ldke many Aloe species Aloe ze- 
brina has ornamental value and potential for 
cultivation in and to semi-arid, frost-free loca- 
tions. Seed is readily available from specialist 

■-Lippllers. 

Properties The yellow leaf sap of most Alue 
species contains anthrone C-glycosides such as 
aloin and homonataloin, and the yellow root sap 

nnthrnnoid nglyeones such 88 chrjsophnnol (n 
fast orange-brown colorant) and asphodeline. The 
roots of Aloe sebritia (and Aloe parvibraeteata 
Schonl.) rudlii 1 imtain aloesaponarin, aloesapo- 
nol and related (ximpounds of the l-methyl-8- 
hydroxyanlhraqumone pathway. Moreover, iso- 
leutherol is a unique chemical compound found 
in the roots of spotted aloes. 

Botany Succulent herb up to 160 cm tall, 
without stem or with a fthort stem up to 30 cm 
long, freely .sueki -nnu .iml furniini; dense 
groups, with yellowish leal' s;ip l.c.ivi's I •'')-2.5, 
densely clustered mto a rosette, without petiole, 
linear'lanceolate, 15-30 cm x 6-7 cm, fleshy, 
upper surfnee rather flat powdfty -glaucous, 
striate and marked with large oblong wliitish 
spots more or less arranged in a series of ir^ 
regular transverse* hands, lower surface omi- 
vex, ver\' powdery-glaurous margins armed 
with stout, horny, deltoid, brown-tipped teeth 
6-7 long, 10-16 mm distant. Inflorescence 
with stalk copiously brnnrhed above the mid- 
dle, the branches terminating in lax racemes 
30-40 cm long; bracts linear-lanceolate, c. 1 cm 
l<mg. Flowers bisexual, regular; pedicel 6-7 
mm long: perianth tubular. H t-tn long 6- 
lobed, dull red, mut h inllaled around the ovary, 
3 out^ lobes acute, many-veined, 3 inner lobes 
more obtuse^ and wider; .stamens (\. inrhi<li'(l: 
ovar>' superior, 6-grooved, 3-celled, style filiform, 
stigma headlike. Fruit a capsule, dehiscing loouli- 
ddall}', many-seeded. Seeds c, 7 mm kng, broadly 
winged dark coloured, punctate. 
Aloe compi'ises about 330 species, of which 
about 275 occur in mainland Africa, 40 in 
Madagascar and 15 in Arabia. Aloe zebtina is 
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variable. In its natural distribution aron it 
flowers mostlj- between Februorv- and April, 
some types in June-^uly. 

The group of aloes to which Aloe zebriiia be- 
longs (called spotted or maculate aloes) is 
characterissed by relatively small, usually stem- 
less rosettes, spotted lea\(>s ami swollen flower 
bases. Since the species within this group are 
very similar it seems likely that the roots of al- 
most all of th(MTi are suitable as a source of dye. 
Examples are Alin' nyplnpoHti Raiser, found in 
Malawi, Botswana, Zimbabwe, Mozambique and 
South Africa, the roots of whidi dye wool red- 
brown to purplish-red. dejiendinu on the mordant; 
Aloe inarloihii Berger, found in Botswana, Mo- 
zambique, South Africa and Swaziland, the roots 
of which dj'e yellow: and Aloe panibmcteala 
Seh<)nl found m Mozambique South Afnea and 
Swazdand, the roots of which dye yellow. The 
leaves of several less closely related Aloe spe- 

c ii's cnn also be used for dyeing, e.p. those of 
the South African q>ecies Aioe apeciosa Baker 
give a beautiful delicate pink colour to wool, 
even without mordants, and those of *4/ot' sue- 
cotriita All shades of reddish-purple. Several 
species growmg in Ethiopia (e.g. Aloe aleudneri 
Sdiweinf., Aloe percrasaa Tod.) give red dyes. 

Ecology .\loi' zi'hn'iia is found in dry thick- 
ets and marshy meadows on river banks. 

Management Aloe zebruia suckers freely 
and can form dense groups, although differ- 

enres exist between populations. Its roots ran 
easily be collected on a sustainable basis be- 
cause the plants easily form new roots, provided 
they are left to grow again iMir dyeing Ilypharnf 
palm fibres, the roots are collected Irom the 
wild, preferably on a small scale, and boiled with 
the weaving material until a golden-yellow col- 
our is obtained. In Ethiopia the leaves of .[Ine 
sp. ('sete ret ) are chopped and boiled m water 
with white cloth until it is dyed red. 

Genetic resources and breeding \Ioe 
zebrina is quite widespread in southern Africa, 
but is, like all Aloe species, protected against 
collection and trade from the wild by CITES 
regulations. In SoLith Afnea several germplasm 
collections are available m botanical gardens. 

Prospeots Moe zebrina will remain only 
locally important as a dye plant The omamem- 
tal value of all aloes will remam of major eco- 
nomic importance. 

M^jw rafinmnces K'eynolds. 1982: Tounierie, 
1986; Sdiw^pe. i;n:i;i: van W yk & Cencke 20r>0, 

OUier references Watt & Breyer-Brandwijk, 
1962. 

Autliors P.C.M. Jansen 



Anogeissus LEIOCARPA (DC.) Guill. & Perr. 

Protologue Fl. Seneg. tent: 280. t. 66 (1832). 

Family ' ''omb i-et aeeae 

Chromosome number 2u - 24 

Synonyms Ano^ismia aehimperi Hodist. ex 
Hutch & Dalz. (1927) 

Vernacular names N'galama, African birch 
(En). N'galama, bouleau d'Afrique (Fr). 

Origin and geOfpraphic distribution Aiio- 
ffri.tsiis leinrnrpa occurs from Senegal to Eri- 
trea and Ethiopia, south to DR Congo. In Benin 
the tree is occasionally planted near villages 
for it s (l\-i' and in Burkina Faso and Mali plan- 
tations have been planned. 

Uses In West Africa, the leaves are used in 
the oldest African traditional dyeing process of 
cotton textiles known as basilan a term par- 
ticularly used by the Bambara and Malinke of 
the Mand6 group of people. In general the 

Mande people first weave cotton info rather 
narrow strips of cloth which are sewn together 
in larger units that are used to make clothes. 
Basilan, a Bambara word, means 'serving to 
obtain a result', referring in this case to a plant 
which serves for colouring. Cloth dyed with a 
deoocticm of the plant is called 'basilanfini', 

'fini' meaning rlolh, textile'. The colouring 
agents of plant origin used in basilan dyeing 
impart a yellow, ochre or ochre-red colour to 
cotton and as the [iLmts used are rich in tan- 
nins they also play a role ns mordants. Dyers of 
the Senoufo people of Mali and northern Cote 
dlvoire use decoctions of leaves of Aiu^^iems 
Jrincarpa (n'galama). Teriuiiialia macroptera 
Cuiil. & Perr. (wolo, Coinbivtaceae), Laniiea 
mierocarpa Engl. & K.Krause (n'peku, Anacar- 
diaceae) or Sorghum bieohr (L) Momcfa (ga- 




Anogeitma Uioearpa - wild 
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jaba. a cultivar with red leaves, Poaceae), to 
which sometimes traditional potash or ash 
obtained from the leaves of ^a>f so/f /a digitata 
L. (baobab. Bonibacaceae) is added, as a dye 
bath for the traditional red cloth of Korhogo'. 
The Hausa people of northern Nigeria use the 
leaves of Aiiogeissus leiocarpn similarly. In 
Mali cotton eloth dyed yellow or ochre-yellow 
with Aiiogeisaita leioearpa and Termuuttia 
maeroptera is used particularly to dress newly 
rirrumci.sed boys nnrl excised girls because of 
its antimicrobial activity. The dress of wisdom 
holders' (hunters, seers, mask masters) is gen- 
erally coloured ochre-i-od with Ldinn'n niievo- 
earpa on a yellow background made with Aiio- 
geUsuB Uiocarpa. Since 1990, the local and 
international success of basilan textiles has led 
to the development of a modern l>!isil;m indus- 
tiy thanks to the mnovative eflorls of the 
N'domo CCentre for the Conservation of Tradi- 
tionnl .Arts', branch of the Kasobane Group in 
Sepou, Mali), 

Bogolan' is another traditional dyeing tech- 
nique, developed from basilan, and deeply 

rooteil ill M;ili. Bogo' means earth, mud', so 
bugoian means obtaining a result with mud 
and 'bogolanfini' 'doth djred with mud'. In this 

techniqiK' n pnltcrn is (bvnvn with iron-rich 
mud on a background dyed first usmg the basi- 
lan technique. The mud reacts with the basilan 
dye creating a black colour. Several bogolan 
styles exist Unmbnra people draw the patterns 
with mud and these turn black when they react 
with the basilan-impregnated cloth. Sheyna 
people (Korhogo. Cote divoire) do it the < it her 
way round; the\' first draw the design with 
basilan, usually passing several layers of the 
decoction over the lines and surfaces of the 
pntlei-n and then they either draw again on the 
designs with a last layer of liquid mud applied 
with a brush made of palm-trae stem or tii^ 

plunge the whole cloth into n bath of diliifed 
mud. Where the mud comes into contact with 
the design traced with basilan on the tissue, 
black patterns are formed and fixed into the 
cloth while the mud washes out from the rest 
of the surface, leaving a white ground in the 
natural colour of cotton. The designs obtained 
on bogolan bear sperial monnings or messnges 
and the most elaborate compositions are found 
in Mali in the regions Beledougou (Kolokani), 
Fadougou (Banamba). Fondo (south of Dlfennd) 
and Bendovigoo (T?l;i). In these regions it is 
mostly the women who practise the bogolan 
technique, following the ancient procedures 
inherited from their ancestors. The themes of 



the designs, especially those of the loincloths 
from these districts, relate to local cultures and 
communities, their histoiy. fashions, myths, 
family events, the hieranhy nf sm ud gr<iu|is 
and some are also endowed with pix)tective pow - 
ers. Hub dyeing tedmique, formerly only ap- 
plied by women on s|)e( i;il family oc casions has 
evolved during recent years to become an impor- 
tant branch of the craft economy in Mali. Dyeing 
with .4fM{g8uau.t leioearpa has even become a 
full-time omipation for many people. 
The bark, leaves and roots of Aiiogeissus leio- 
earpa also serve for traditional tanning of hides 
to leather, particularly those of goats in parts 
of northern Niger. The leaves colour the 
leather yellow, Tlie bark yields a gum used in 
leather-workiiii,' becituse of its adliesive proper- 
ties. The ;ish of the leiives and the hark are 
used as mordants to improve the fastness uf 
many other dyes and in the indigo dyeing proc- 
ess to maintain the neces.sary alkaline pFl The 
leaves are sometimes used as Ibdder for small 
ruminants. 

The Will. I 4 .Aliogeiasiis Iciiwarpa is an excel- 
lent fuel and yields good charcoal, In the whole 
Sahel region fuel has become so scarce that 
even these useful trees are being sacrificed. 

Thr- w<i<m1 c-illcd kani ' in li-ndi' is hard and 
much used fur piles and rafters m house con- 
struction, for agricultural implements, tool han- 
dles and occasionally in cabinet making. In 2002 
the Ministrj- of Economic Affairs in Mali en- 
couraged wood cai-vers to use local instead of 
imported wood, which forther increased the use 
u( Anogi'isMi^ Iri'icftrpa wood. Woodash from this 
tree is used m northern Nigeria to dehair skins 
in preparation for their tanning. 
The bark, leaves and rooti» are used in tradi- 
tional medicine for humans and animals. They 
have antimicrobial and anthelmintic activity 
and are usually taken as decoctions. A decoc- 
tion of the leaves or leafy twigs is used against 
yellow fever, jaundice, different kinds of hepa- 
titis, common cold and headache. In Burkina 
Faso powdered bark and a bade decoction are 
used to treat wounds eczema, psoriasis an- 
ihra.v, carbuncles, boils and several kinds of 
ulcers. The bark decoction is also known as a 
muscular tonic. Tn Xi^er a leaf decoction is 
applied against haemorrhoids and skin dis- 
eases. The baik and the exuding gum prevent 
and cure dental caries and toothache in>! ire 
commonly used in Africa. The gum fairly solu- 
ble m water, is chewed and in northern Niger 
it is considered the best diewing gum substi- 
tute for gum arable. In Ghana and Nigeria the 
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roots are used and traded as chcwinR st icks. In 
Cote d'lvoire the fleshy roots are used against 
labour p.iins ;iml m Burkina Fasoto accelerate 
wouml hciiliiit,'. The seeds have a wide bacteri- 
cidal and fungicidal activity in humans and 
animals. Atiogeisaaa leioearpa is a graceful 
ornamental avenue and shade tree of the drier 
regions and could also be used for reforesta- 
tion. In Eritrea it is planted to stabilize river 
banks. In Burkina Faso Aiu^d$m» leioearpa is 
a highly r^toemod nn<] rpsported holy tree, 
named siiga , meaning the soul'. 

Prodnetioii and international trade Tradi- 
tional bogolan cluth started being commercial- 
ised on a fairly small scale in Mali in the 
18708, mostly by women from the districts Ko- 
lokani, Banamba, San, Djenne and Segou who 
were seeking to increase the rainily income. 
This commercial development really started to 
become more important in the 1980s, and since 

then scvorni renin s of bip srnlo bogolan cloth 
production have emerged, e.g. the town of San. 
Between 1980 and 2004, trade in clothes and 
hangings decorated in the bogolan technique 

has boomed and these textiles are now ex- 
ported m large quantities all over the world. 
The craft is most thriving in Mali, where Ba- 
mako and Mopti bnvo become commercial r(>n- 
tres for the export of bogolan < I ttb to Senegal, 
Ghana, South Africa, Euroi I ranee, Ger* 
many, Swit/erlnnd, Belgium), Asia (.lapan) and 
America (United States, Cimnda)- The bogolan 
industiy has spread to neighbouring countries; 
after Mali, Burkina Faso and more recently 
Senegal, fute d'lvoire and \iger have alsn 
started producmg bogolan doth on a large 
scale. 

In the earlj' 15M)()s it became fashionable in 
Mali to wear cotton riothos decoraled using the 
bogolan technique. So production for local use 
was added to export production and at present 
in the town <-i ntrrs many women's associations 
practise bogolan d^'eing as a source of profes- 
sional income, which is also attracting more 
and more male craftsmen. 

Bogolan cloth proiluction and trade requires 
the harvest mg and processing of huge quanti- 
ties of leaves of Aiu^eUaua leioearpa. In S^gou, 
an important workshop wbcrr \5 artists work 
used about 1500 kg of dr>- leaves in 2004, al- 
lowing more than 5000 m^ (or 1800 kg) cloth to 
be dyed. The total demand fox leaves in Segou 
is estimated at 6000 kg corresponding to more 
than 20,000 m^ dyed cloth. During recent years 
Bamako eiqiorted about 520 t of dyed cloth 
annually. This corresponds with 430 t dried 



leaves, estimated to bo about 20% of the total 
quantity used in MaU. 

Bark of Anogeissua leioearpa has been ex- 
ploited for cosmetic pnqxises in Burkina Faso 
since 2000, initiated by the French cosmetic 
industiy in collaboration with the population of 
Koro village. A plantation of 1800 trees (6 ha) 
is being planned for the production of bark to 
supplement production from wild trees. 

Properties The leaves of Aiingei.ssu.i leio- 
rnrpa contain ellagic gallic and gentisic acids, 
derivatives of gallic and ellagic acid and sev- 
eral flavonoids (derivatives of queroetin and 
kaempferol). The high ccmcent ratmn (up to 
17%, based on dry matter) of hydrolysable tan- 
nins (gallic and ellagic acid doivatives) ex- 
plains the usefulness of Anogeiamia leioearpa in 
the bogolan technique. Cloth impregnated with 
the leaf extract helps to fix other colours (e.g. 
the brown-red obtained by the bark of Lannea 

wicrnrarpn) \rioi^ri.'i.iiis Irinrcirpa actinu as a 
veiy efficient mordant on cotton for other natu- 
ral dyes. 

The minority of the medicinal uses of Anogeis- 
sue leioearpa are likely to be liased on its tan- 
nin content. Xo experimental data on their 
non-toxieity appears to have been published 

but ibc [)opulrir iis<^ of trivinfj (he bark decoc- 
tion to drink to new-born infants is of interest 
in this connection. 

The bark contains nearly no flavonoids but is 
rich in derivatives of ellagic acid (2.5—5% of the 
dry matter) and contains the polyalcohol sorbi- 
tol, terpenoids (cx-amyrin, P-amyrin and P- 
sitosti-rnl) and traces of alkaloids. Six m<ile- 
cules of ellagic acid derivatives were observed 
and four of them were isolated and diaraeter- 
ized. These molecules are M,;V,4 -iri-O-methyl- 
flnvellagic acid :^ iV-di-O-methylellagic acid, 
tri-O-methylellagic acid and 3,3'-di-0-methyl-l- 
P-O-xylopyranoeyl-ellagic acid These derivatives 
are good antioxidants acting as scavengers of 
fi»e radical o.xygen and as protectors of DNA 
from injur>' by alkylating agents. They are 
anti-inflammatoty and anti-allergic agents and 
have anticarcinogenic and antimutagenic ac- 
tivities. Hesearch has shown thai the ellagic 
acid derivatives show an inhibition of certain 

enzymes of the motalloproteinase typo in sev- 
eral t^-pes of cellular skin cultures and retard 
the degradation of collagen. This research re- 
sulted in th> 1 i! m ration of a substance named 
'anogellino which is now used in some cosmetic 
skin creams made m France. 
Extracts of stem and root bark and of the 
leaves showed antifungal activity against a 
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number of pathogenic fiongi. Moderate antibac- 
terial activity of the bark was also demon- 
strated. Chewing sticks made of Anogassua 
leiocarpa showed stiony Mcti\'ify af^tiinst fi wide 
spectrum of bacteria, mcluding some cont ribute 
ing to tooth-deterioration. Anogeissus leiocarpa 
extracts exhibited in-vitro activity at'aiiwf 
chloroquine-resistant PUunnodium falciparum 
strains. 

The gum of Anogeiasiia leiocarpa contains 
nminn nrids; (frliilnmir acid, aspnrti(- nrid, 
alanme, glycine) as well as 20% of a polysac- 
charide. On hydrolysis the poljrsacdiaride 
gives 12% D-xyIi»s.v 32% L-arabinose. 5% D- 
galactose, 2% D-maunose and 20% oligosac- 
diaridea (with traces of ihamnose, riboae and 
fiioose). 

The wood is heavy and hard. The heart wood is 
dark brown lo black and dislmclly demarcated 
firom the whitish yellow sapwood. The density 
is 72(1-1200 kp/m ■'• at 1."% moisture rnntenl. 
The grain is wavy or mterlocked, texture fine. 
The shrinkage rates are small. The wood air- 
dries slowly but easily, and kiln drying is 
rapid. Slight rherkiiiij and end splitting may 
occur, as well as moderate bendmg and twist- 
ing. The wood is moderately ea^ to saw, but 

diffii ult to planr- mortise and bnre. Tl finish(>s 
and polishes well and is easy to turn and glue, 
but nailing is difficult. It is rather resistant to 
powder-post beetles and termites, but not to 
marine borers. It is extremely resistant to pre- 
servatives. 

Adulteratioiis and snbstitatea In regions 

where Aiiogi'i'ssiis leiocarpa is rare or alisent. 
two other plant species can be used as a substi- 
tute for the bogolan tedinique. The leaves of 
CombreUiw ^JulinoHnw Perr. ex \)C. (tynngnra, 
cangnra, Comhrclacoac) can be used or when 
these are not available, the twigs of Hexalubus 
monopetaht* (A.IUch.) Ene^. & Diels (fugany6, 

Auiinnacrap). Mthoiigh these two species arc 
less appreciated than Atwgeissus hiocarjxi. 
they can be used in a similar way for dyeing. 
The leaves ('<>ml>rfiuin i^hitinoaum contain 
ellagic and gallic acui derivatives and flavon- 
oids like Anogui^siis leiocarpa w liile the chemi- 
cal components of Hexutobus mtmopHabts are 
different 

Description Evergreen shrub or small to 
medium-sized tree up to lo(-30) m tall, with 
straight, slightly grooved bole iq> to 1 m in di- 
ameter and open crown with grnrefully droop- 
ing, pubescent branches; bark grey to mottled 
pale and dark brown, scaly, flaking off in rec- 
tangular patches, fibrous, exuding a dark gum. 




Ajiogeissua leiocarpa - 1, flowering bnmeh; 2, 

iiifructt'.sreiiri': .?, fniil. 

Redrawn aiid adapted by laUah SyamaudiiL 

Leaves altern.uc to nearly opposite, simple and 
entire; sti])ulcs absent- petiole l-'i mm long; 
blade ovate to elliptical or ovate-lanceolate, 2- 
10 cm X 1-4 cm, base cuneate or obtuse, apex 
obtuse or acute densely silky hairy wti'ii 
young, lateral veins in 4-8 pairs, promment 
beneath. Inflorescence an axillary or terminal, 
usually solil.iiy globose head 0.5-2 cm in di- 
ameter peduncle up to 2..t cm long bearing 2 
pairs of deciduous bracts. Flowers bisexual, 
regular, 6-merous, pale yellow, fragrant; recep- 

tarle stalk-like, 3—4 mm long; sepals connate 
mto a lobed campanulate cup c. 1 mm high; 
petals absent; stamens 10, filaments filiform, c. 
3 mm long, anthers cordate; ovary inferior, 1- 
celled. rusty hairy .aliove the middle, style sim- 
ple, filiform. Fruit a rounded samara 4—10 mm 
X 6-11 mm X 2-2.6 mm, with 2 wings, yellow- 
ish to reddish brown, shortly beaked 1 -seeded, 
packed horizontally' into dense cone-like in- 
fruciesoenoeB 1—2 cm in diameter. Seed ovoid- 
fusiform c. 3 mm X 2 mm. 

Other botanical information Annf;p{itstis 
comprises 8 species, 5 of \s hich occur m tropical 
Asia, 2 in Arabia and 1 in tropical Afirica. Tlie 
genua seems moat doaely related to Conoear- 
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pus, which differs by its flower heads arranged 
in panicles, usually 5 functional stamens and 
fi'uits without beak. 

Indinn snm;ich (.bioj^cr.fNf/s lalifolia (Roxb ox 
DC.) Wall, ex Guill. & I'err.) contams tannms 
and flavonoids similar to those of Anogeissus 
leiocarpa and it* simiUirly used for tanning 
hides and dyeing textiles in India, Sri Lanka 
and Nepal. 

Growth and developoieilt l li _< rmina- 

tion of Annjifvs.vis Iriocitrpa spcd?; tnls< s a lonp 
time and seedlings are not easy to obtain. Once 
established the plant is slow growing. Nor- 
mally the tree is ev< r^'n < n, but due to bush 
firea (October-November) it can stay without 
leaves for several weeks. Flowering is year- 
round but most abundant at the beginning of 
the rainy season between January and April. 
The flowers have a strong sweet smell. Fruit- 
ing is most abundant between March and May. 

The infnii tcsi i nrc s disnrliculatc when Ihey 
become diy and the winged fruits are easily 
dispersed by wind. 

Ecology Aiiogeissua leiocarpa is foimd from 
the driest savann;i ti> the wetter forest borders, 
in wooded grassland and bushlund and un riv- 
eihanks where annual rainfall is 200-1200 
mm. l( often grows prepnriniisly on fertile soil 
m moist situations, from sea-level up to lUUU m 
altitude. 

Propagation and planting Propagation is 
hy seed, which is light with 110,000-150(1(10 
seeds/kg. Seeds soon lose their viability (wilhm 
6 months) and their germinating capacity is 
I iilicr low Vp to now Aiiogetssiis leiocarpa is 
mainly harvested from the wild, but in Mali 
and Burkina Faso commercial cultivation has 
started (e.g. a plantation of 5 ha is present in 
Knre llmii-t Province P.iirkina K.-isn). 

Management Aiiugeismis leiocarpa can be 
pollarded and Uie tree has some ability to cop- 
pice. It is very sensit i\-c to fin'- 

Disaases and pests Atiogeisaus leiocarpa is 
a hardy tree species and no serious diseases or 
pests are known. 

Harvesting Harvesting of the leaves at thi' 
beginning of the flowering period (Januai-j — 
February) is preferred, but because the tree is 

evergreen, the\" ran ho harvested any time of 
the year. The best period to harvest the baric is 
at tiie end of the diy season, from the end of 
March until the beginning of June, both be- 
cause ul the availability of manpower and of 
the optimum concentration and condition for 
eiq>loitation of the active principle anogelline 
present in the bark. In Burkina Faso 'good 



harvesting practices' for harvesting bark as 
issued by the National Forestrj- Department 
should be followed to limit the damage to the 
trees: they imkale instructions for the use of 
adapted utensils and rules for the maximum 
quantity of bark that can be harvested (1—1.5 
kg fresh l)ark per tree, rnrresponding to 0..5-1 
kg dry bark). For every harvest a harvest au- 
thorisation', issued by the Regional Environ- 
m«>nl DircH-lion, is needed, for which tax has to 
be paid. Material for export is strictly con- 
trolled and needs a phytosanitary certificate. 

Yield The annual jrield of dry leaves is esti- 
mated to he 20-25 kg/tree and of dry bark 0.5- 
1 kg/tree. Total annual yield of dty leaves in 
Mali for bogolan utilisation is estimated to be 
al.mii -iOOOt from 100.000 trees. 

Handling after harvest The production of 
a bogolan cloth is a 4-step process. First comes 
the preparation of the iron-rich mud. This is 
done about 2—4 weeks before use The mud is 
collected from the banks of certain rivers, lakes 
or ponds and kept in a container. It is stirred 
from time to timfi, adding a bark decoction of 
Terinitialia macroplera or r*ilioatig»ia reficit la- 
tum (DC.) Iluchst. (nyama, Caesalpuiiaceae). 
Then the doth is dyed using the basilan tech- 

niqiie, using thc' leav(>> of Anni^fissiis leiocarpa 
and sometimes Laiuiea inicrocarpa bark. To 
prepare the dye bath the leaves are either put 
in water in i cooking poi with a small 

amount of baobab ash-lye added and boiled or 
the leaves are just soaked m water without 
heating for 2 days. The latter way is preferred 
in Segou (Mali) l)ecause the result is as good 
and no fuel is needed. The cloth to be dyed is 
soaked in the bath and subsequently dried in 
the sun. Soaking and drying is repeated sev- 
eral times to obtain a deeper colour taking 
care that the same side of the cloth is always 
exposed to the sun. The third step consists of 
drawing the design on the cloth with the pre- 
pared mud, using an iron tool ( binyeni ) or a 
pen made out of a Boraaaua leaf stalk ('kala'). 
The black designs on the doth are created by 
the iron salts present in the mud that react 
\Mth the yellow or ochre-red basilan dyes rich 
in hydrolysable tannins. The mud can be ap- 
plied several titnes to obtain a very deep black 
Eiventually the cloth is dried, cleaned and 
washed. The diy mud sticking to the doth is 
removed by washint; in ;i ri\ ' r: when water is 
scarce the mud is last reniovi il by rubbing and 
shaking and then the cloth is washed with 
dean water. After drjring again, the bogolan 
doth is ready. 
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In the boRolan technique the bark of Laiuiea 
microcarpa is sometimes used to obtain differ- 
ent colours. If a uniform or.tnK'' rfd-lirowii 
colour is requiii'd for the baekuiound. tlic 
whole textile can be soaked m the Laiiiiea bark 
decoction. Mud is then applied to the cloth to 
decorate it with Idnck designs. This can also be 
repeated several times to obtam a true black. 
Dyeing with Ltuinea gives reddish coburs and 
AnogeLtsiis gives jrellow colours. 

Genetic resources No rrf^'"'''"'plfism collec- 
tions of Aiiogeisaus leiocarpa are known. In 
regions where Aiwgeisms laoearpa is collected, 
the harvesting contributes to the growing scar- 
city of the tre(> [lupulations, also because little 
rejuvenation apix ars to be taking place. For- 
merlj' Anogei .hku s leiocarpa occupied whole 
forests uti fertile soils At present Anoiirissiis 
leiocarpa is becoming rarer because land is 
being cleared for agriculture, wood is collected 
for timbi r and fuel and the seeds are difficult 
to germmate. 

Prospects At present, dyeing with vegetable 
djres, mainly baaed on the use of Anogeissus 
leiocarpa leaves, meets the international de- 
mand for natural products, allowing whole 
families, among whidi many young people, to 
earn a living. Takine in'o aocount the impor- 
tance of AiLogeissus leiocarpa in the success of 
this type of textile production and trade (the 
whole cotton industry benefits fixim the export 
of bopolan cloth) ami because most workshop 
owners have transmitted their know-how and 
trained a generation of jroung people, it is ur- 
gent to ensure a continuing supply of this tree 
for the coming years. This can be done in two 
ways. First, through careful management of 
wild populations of Anogeissu* leiocarpa: a 
similar protection policy ns the one applied in 
Mall for some other useful tree species (e.g. 
baobab, shea butter tree) could be extended to 
this species. .\ second possibility is cultivation 
of Attogeisaus leiocarpa. In addition to the 
plantations that have been established in 
Burkina Faso, pn^agation trials to renew old 
populations are being carriftl nut and paid for 
by some dyer artists m Seguu ^i\lall). Such ini- 
tiatives deserve support and should be under- 
taken on ,) much larger scale However, long- 
term mvestments are difficult to plan, owing to 
the fluctuating nature of international fashion 
trends. 

Major references .Vrbonnier, 200 1; Burkill. 
1985; Cardon, 2003; Duponchel, 2004; livme, 1961; 
Kochaio & Adam, 1974; liben, 1983; Malgras, 
1992; Neuwinger, 2000; Scott, 1978. 
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al.. 2005; Bhatt & Saxena. 1979: Bouquet & 
Debray, 1971; Cozzi et al., 1995; Dalziel, 1937; 
Govindarajan et al., 2004; Keay, 1954a; Majid et 
al. 1987: Naero & Millogo-Rasolodimbi. 1993; 
Nduji & Okwute, 1988; Osawa et al., 1987; 
Smart et al., 1986; Some, Sawadogo & Chauvel, 
1983; Tniwo Xu & l^ e, 1999; Viron-T^my etal, 
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ARNEBIA mSPIDISSIMA (Sieber ex Lehm.) DC. 

Protologue Prodr. 10: 94 (1846). 
Family Boraginaoeae 

Vernacular names Arabian primrose (ESn). 

Sang de I homme (Fr). 
Origin and geographic disfaributioii Ante- 

bia hispidissiiiin occurs from northern tropical 
Africa, through F'gypt to northern India In 
tropical Africa it has been recorded (tom north- 
em Nigeria, Cameroon, Chad and Sudan. 

Uses Tln' loots of Aniehia liispidissiina are 
colitH:ted from the wild Tbey are dark purple 
and provide a dye giving pm plish-red i / l ui ple 
colours. In Nigeria the Hausa call the dye 'jinin 
mutvim' (lilooil of man) and it is used to colour 
clothes and the body, in India the dye is m- 
duded in the group oi Boraginaeeae species the 
rniit- nf whii h are sold under the commercial 
name ratanjot , used to colour food and to dye 
silk. In Sudan the plant is grazed by sheep. In 
rwdiAw traditional medicine root extracts are 
used to treat ulcers, boils, cuts, throjit com- 
plaints, heart problems, headache and fever, 
and extracts of the whole plant as a stimulant, 
tonic, diuretic and expectorant. 

Properties The red pigment in the roots of 
Amebia hiapidissima is composed of a group of 
naphthoquinonic dyes including shikonin (and 
esters) its optical isomer alkannin (and deriva- 
tives) and their common racemic form shi- 
kalkin, as well as amebifuranone which is an- 
other type of comp()untl. The same naphtho- 
quinonic colorants are also present m the roots 
of several other Boraginaeeae species tradi- 
tionally used as body paint or textile dyt s in 
other parts of the world (e.g. Afkaiina lineloria 
(L.) Tausch. m Europe and the Mediterranean 
region, Lithoapennum erythrorhison Siebold 8t 
Zucc. in China and Japan, Lithoapennum earo- 
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Uiiiense (Walter cx J.F.(jmcl.) Macmil. in North 
America). They are poorly soluble in water but 
more easily so in alcohol and fats, which ex* 
phiins their uses ns cnjorMnts in oisnK'tics In 
India, medicinal active principles isolated ti-om 
the aerial pari;8 include amebins and the 
triterpenoids betulin. jJ-amyrin and lupeol. All 
compounds (of both roots and aerial parts) 
showed antimicrobial activity, more powerfully 
against bacteria th.-in against fungi. 

Botany Annunl herb up to 40 rm tall, erect 
or ascending, much branched from the base, 
with strong red roots, densely covered with white 
bristles. Leaves alternate, simple, without stip- 
ules, sessile; blade linear-lanceolate, 1.5-^8 cm x 
0.2-1 em, apex, acute to obtuse, margin entire. 
Infloreseence spike-like, consisting of terminal, 
short antl dense seorpioid cymes, simple or 
forked; bracts leaf-hke. Flowers sessile, bisex- 
ual, regular, S-merous; calyx deeply divided, 

lobes •'i-H mm ^(m^. iineqiml, h.irflly .iccresrent 
in fixiit; corolla tubular, 8-16 mm long, yellow, 
tube haiiy inside, lobes small; stamens inaeaisd 
at about the middle of the corolla tube, filaments 
e. O .'i mm long, anthers 1.5 mm; ovary superior. 
4-lobed, style c. 1 cm long, 2-lobed, each lobe 
ending in a reniform stigma. Fruit consisting of 
I i)yramidal nutlets up to 2 mm long, ventj'ally 
keeled, granuloae to smooth, grey to yellow- 
brown. 

Arnehin comprises about 25 species, and is 
confined to tropical .\frica the Mediterranean 
region and the Himalayas, in tropical Africa 3 
species occur. In traditional medicine in China, 
roots of other Arin'bia spccKs hiive similar uses 
to those oi Arnebia hiapidia:iiina m India. 

Ecology Arttehia kispidissima occurs on dry, 
stony or sandy soils, often in desert plains and 
disturbed lofnlil ics ,-ilKne fiflds. 

Genetic resources and breeding Arnebia 
hisptdusima is widespread and not in danger 

of nrt ic erosion. 

Prospects The dyeing properties of Amebia 
hispidiasima, especially the liposolubility of the 
root dyes make it an interesting source of col- 
orants for the food and cnsmetic industries. 
Collecting of ihe roots in their wild environ- 
ment could quidcly lead to the rarefoction and 
even extinction of thi» pl.mt should material in 
large quantities be needed. Consequently, the 
poasibUities for cultivation should be investi* 
gated. The medicinal properties of Aniebia 
hLtpiHissiwa most innhahly will remain only 
locally of importance, although they deserve 
more reaeardi. 

Mi^jor references Andrews, 1956; Bouloa, 
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BAPmA NTTIDA Lodd. 

Protologue liol. Cub. 4(7): t. 367 (1820). 
Family Papilionaoeae (Leguminosae - PapU- 

ionoideae, F.ili:i n ir' 

Chromosome number 2» = -14 

Vernacular names Camwood (En). Bois de 
cam, bois rouge (Fr). 

Origin and geographic distribution BupJiia 
nilidu occurs wild from Senegal to Gabon. It is 
often cultivated near villages, formerly as a 

dyewood especially in Sierra I.eone and Libe- 
ria, now more often as an ornamental shade 
tree or as fence and hedge. 

Uses The heart wood (c amwood) and roots of 
Baphia iiitiila yield a n d ilye that was used 
locally until recently to dye raffia and cotton 
textiles. The name 'camwood' is most probabfy 
derived from the Sierra Leone Temiie or Hulom 
name kam'. It was exported on a large scale to 
Europe from the centuiy and to North 
America from thi- IS'' century as one of the 
main 'redwood ilyes for wool, cotton and .-;ilk 
Camwood was considered by European and 
American dyers to have a colouring power 3-4 
times 'itrnngi'i- than the other insoluble" red- 
woods they were using. In the wool industry, 
camwood was not (mly used to obtain red col- 
ours but a la:^ range of reddish to dark brown 
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colours cnllod drabs , muddy brown' and Lon- 
don smoke', mostly in combination with other 
dsrewoods. In small quantities, it was an ingre- 
dient itf recipes for bronze-^ireen oolnurs .'iikI 
was used as ground dye followed by a logwood 
{Haematoxylum campechianum L.) dye bath. It 
was used for diuk iirfx and black colours in the 
wool-cloth industry until the beginning of the 
2Xt^ century. It was a major source of bright to 
dark red colours in the bi^^ Kumpcjin colton- 
printinp industries eg, to dyi- liandnnas in 
mock turkey red , and it was also used, princi- 
pally in the United Kingdom, to dye silk pink, 
'acid brown and light claret', in West Africa, 
powdered heartwood is a famdiar red body 
paint and the paste is much used as a cosmetic 
for the skin, e.g. in Liberia, Cote d hoiie and 
Ghana. As body paint it is considered to have 
magic powers: Guere and Ivruu healers of Cote 
d'lvoire use it for religious oeremoniea, and in 

Ghnnn warriors who hnd killed an rni my nr ;i 
leopard painted their foreheads with camwood 
for ritual dances. 

By soaking the dried and ground roots in water 
a red liquid is obtained, which is used for paint- 
ing furniture. In southern Benin and south- 
western Nigeria, Yoruba ceremonial masks are 

painted dark red with a decoction nf thf wood. 
Baphia nitida wood is used for house posts, 
rafters, naves of wheels and utensils such as 
walking sticks, mortars, pestles, tool-handles 
and farm implements. It was formerly exported 
to Europe for turnery and cabmetr>'. The plant 
is grown as an ornamental for diade, or as 
hedge and fence. The leaves iwv used as fodder 
and in southern Ghana Baphia uilida m rec- 
ommended for propagation in livestock rearing 
areas because of its good palatability, continu- 
ous availabdity and high protein content Tn 
Nigeria the seeds ai*e eaten by Igbo people and 
the twigs are used as chewing sticfaas. In some 

regions the tree is ronsidered sacred, endowed 
with the power to protect against evil spirits 
and to attract benevolent ones. In Nigeria, Tiv 
people colour the inside of a gourd prepared as 
a beehive with the red dye to attract a swarm 
to settle there and Yoruba honey-hunters rub 
their body with the dye paste to prevent bee- 
stings. 

The leaves or leaf juice are applied against 
parasitic skin diseases, and a leaf infu8i<m is 
drunk to cure enteritis and other gastrointesti- 
nnl problems. In l Jhana, Cote d'Tvoire and Ni- 
geria the leaves and bark are considei'ed 
haemostatic and anti-inflammatory, and are 
used for healing sores and wounds. In CAte 



dlvoire powdered leaves are taken with palm 
wine or food to cure venereal diseases, and leaf 
sap is applied as eye drops against j mndii r 
An e.\traet of youny leaves with some salt and 
red pepper is used as nose drops against head- 
ache. In Nigeria powdered heartwood is made 
into an ointment with shea butter (obtained 
from the seeds of V'ilellaria paradoxa C.F. 
Gaertn.) which is applied against stiff and swol- 
len joints, sprains an 1 rheumatic ramplaints. In 
Sierra Leone .a hai'k derortjon is di-unk to cure 
cardial pain and bark and leaves are prepared 
as an enema to treat constipation. In Nigeria 
and Ghana the pounded dried root, mixed with 
water and od, is applied to a ringworm-like 
fungus attacking the feet. Finely ground root 
barl. iiiixed with honey, is taken against 
astliina. in Cote d'lvoire a li'af extract of cam- 
wood and Senna uccidcnlalis (L.) Link is drunk 
against asthma. In Benin a decoction of the 

leaves is taken against jaundice and diabetes; 
in combination with leaves of Morinda Uicida 
Benth. it is a treatment against female steriUty 
and painful menstruation. Externall}' it is ap- 
plied, together with Cissii.'< <itiiiihangiilaris L.. 
against bone fractures. A decoct lun of the bark 
is drunk against epilepsy. 

Production and intemationnl trade Up to 
about the IbuUs there was considei-able export 
of camwood particularly from Sierra Leone and 
Liberia to Europe and the United Slates, both 
as dye and for wood turning nnd cabinet mak- 
ing. The export was mamly m the shape of logs 
cut into short lengths rather than in the form 
of powder or extract, allegedly to facilitate 

quality control. 

Properties The dye is found in the heart- 
wood, whidi often is of small size. It is present 
in varj'inp concentrations up to about 2''i%. 
The dye is soluble in alkali and alcohol, much 
less so in water. Hie principal drying sub- 

stances are the isoflavonoid-fiavonoid dimers 
santalms A and B and santarubms A, B and C, 
but several other compounds sudi as baphic 
add, baphiui, deoxysantarubin, homoptero- 
carpin. maackiain pterocarpin and santal pos- 
sibly also contribute to the colouring proper- 
ties. In the Colour Index the number of the dye 
is 7r,n(]<) nnd it is classified as Natural Red 22, 
together with other redwoods. 
A red tinge may appear on wounding the baik, and 
soaking the baikin waiter alao yields a red dye 
In the leaves saponins, flavonoid glycosides and 
true tannuis are present. An ointment made 
from the leaves showed anti-inflammatory activ- 
ity in mice and rats and this atqpported the ex- 
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tcmal use in traditional mctiicmc. Extracts of 
frpsh loaves inhibited digestion in mice and rats, 
and 8}iowed antidiarrhoeal efiEects. Leaf extracts 
also demonstrated analgfsir activity in mice. 
Total dry matter content of leaves and young 
twigs browsed by cattle in Ghana was about 
20% In \it,M'ii;i the nutrient confenf of leaves 
per 100 g dry matter was approximately: crude 
protein 10 g. ether extract 2.5 g, ash 4.3 g, 
crude fibre 2'.^ g, X-free extract 51 g, acid- 
detergont fibre 57 ^. lignin p, cellulose 29 p, 
Ca 0.4 g, Mg 0.2 g. K 1 g, P 0.2 g, Fe 23 mg, Cu 
20 mg and Zn 5 mg. 

When freshly cut the sapwood is yellowish 
white, emittmg an unpleasant smell, scarcely 
daricening when dr>'. The heartwood ia pale 
brown when fi^di, turning rapidly to dark red 

or oranije upon exposure. The wood is ex- 
tremely hard, heavy and durable, close-gramed 
and of fme texture. Tt carves and turns well 
and planes smoothly 

Adulterations and substitutes Substi- 
tut«s for camwood are the dyes obtained from 
other insoluble redwoods, such as Benin cam- 
wood (Bapliia puhi'M'i'ns Ilook.f.) and barwuod 
{Pleiucarpua suyuiuvii Taub. and I'levocaipus 
erinaeetu Pbir.) from Africa, sandalwood (Ptero- 

cavjnis santdliniif! l. f ) frtmi India ;ind narra- 
wood {Pterocarpua iiidicua VViUd.) from Myan- 
mar and the Philippines. 

Description Many-stemmed erect shrub or 
small free up to D m tall with glabrous to 
densely pubescent branchlets. Leaves alter- 
nate, simple and entire; stipules quickly cadu- 
cous; petiole 1-1 cm lonii. prominently thick- 
ened at base and at top; blade ovate, elliptical, 
obovate or lanceolate, 6-21 cm x 3-9 cm, base 
rounded lo cuneate, apex acuminate, slightly 
leathery, almost glabrous pinnately veined 
Flowers in axillary fascicles, 1-5-flowered, bi- 
sexual, papilionaceous; pedicel slender, 3-17 
mm long: calyx si)nth:ic< (ni-^ 8-10 mm long, 
glabrous but with a tuft of brown hairs at apex; 
corolla with standard suborbicular, 1-2 cm in 
diameter white with a yellow centre, wings 
and kfcl white with a pocket neitr the base; 
stamens lu, filaments unequal, free, up lo 7 
mm long; ovaiy superior, sessile, glabrous, 
sometimes with n row of silvery hairs along the 
dorsal margui, 1 -celled, style curved, filiform, 
stigma small. Fruit a compressed pod 8-16.5 
cm X 1-1.5 cm, pointed at both ends, 1—4- 
seeded. Seeds almost circular in outline, 1—1.5 
cm m diameter, brown. 

Oilier botanical information Baphia com- 
prises about 46 species and is largely confined 




Bt^hia niiida - 1, pari of ftoweritig branch; 2, 

fruit: 'I si'i'd. 

Redrawn and adapted by Achmad Saliri A'ur- 
haman 

to tropical Africa with most species present in 
Nigeria and Cameroon. Benm camwood (Ba- 
phia pubeaeena Hook.f. (synonjrm: Bc^hia bmi' 
ntensis Aubrev.)) has a distribution similar to 
that of Baphia niiida, but extending mto OR 
Congo and their vernacular names and uses 
are more or less interchang<»ahle. Its heart- 
wood is also a source of a red dye hut it has 
been less exploited. Baphia pubesceiis differs 
from Baphia ni^da in its leaves, whidi are 
hair\- below and in its hairy ovaiy. 
In northern Namibia the roots of Baphia maa- 
aaiensis Taub. subsp. obovota (Sdiinz) Brum- 
mitt are used as a source of a red dye for 
leather hides The roots are crushed mixed 
with water, and skins are steeped in the dye 
bath, taking up the red dye within about one 
day. Formerly ox-stomarhs used as aprons by 
women were dj^ed in the same way, then 
tanned and stretched out to dry. Baphia mas- 
saienaia occurs from southern DR Congo and 
Tanzania to northem South Africa, and differs 
fiom Baphia niiida in its long bracteoles, pu- 
bescent ovaiy and usually rounded or obtuse 
leaf apex. It is an extremely variable qfiedes. 
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Ecology Daphia nitida often growB as an 
understoroy trpe in wetter parts of coastal re- 
gions in ramfiiivst m sin'ondaiA I' in st and on 
al);indniu'J farmland, from sea-level up to 600 
m altitude. 

Propagation and planting Camwood is 

easy to cultivnte find can be propagated by 
seeds and cuttings. For best results cuttings 
should be taken from rather young parts. 

HanfUing after harvest For dyeing pur- 
poses, the sapwood is removed from the ti-unk 
and the heartwood is sawn or cut into parts 
30-50 cm long and dried. When dty it is ready 
for transport To extract the dye the wood is 
cut into much smaller pieces or pulverized. 
Because the djre does not dissolve well in water 
the w ood is boiled for 1.5-2 hours in a 45% 
alcohol solution or in a sodium carbonate solu- 
tion (30 g for every 100 g wood). The resulting 
solution is diluted with water until the desired 

dye bath ennronl rai ion is obtained which dif- 
fers according to the fibre or type of textile to 
be dyed and the colour wanted. Using different 
mordants, applied before and after tin dye 
bath, and various inixturcs with other dye- 
woods, a wide range ol colours from red to 
brown, green, grey, purplish and blade can be 

obtained. 

Genetic resources Baphia iiitida is wide- 
spread and not in danger of genetic erosion. 
Prospects Baphia nitida is n multipurpose 

free: the wood is n source t>f fast rod colorants 
and an interest mg timber, its young foliage is a 
source of fodder and both wood and foliage are 
used in traditional medicine, The timlier and 
fodder uses seem most important at present, 
but increasing interest in natural dyes might 
revive the value of camwood to the level it had 
in the past Extraction of the colorants in the 
countries where the trees grow, to produce 
Uquid or powdertd extracts, would bring mudi 
added value and allow further uae of the ex- 
tracted wood as fuel. 

Mq|or refermces Buikill, 1995; Cardon, 2003; 
Irvine, 1961; Onwukaeme. 1995; Onwukaeme 
& Lot, 1992; Soladoye, 1985; Ubani & Tewe, 
2001. 

Other references A^janohoun & Ak^ Asst. 

1979; Adjanohoun et al, 1!)8!>: Rames, 1998; 
Mathiescm et al., 1973; Unwultaeme & Lot, 
1991; Rodin, 1985; Surowiec, Nowik ft Traja- 
nowicz, 2004; Ubani. Tewe & Moody, 2000. 

Sources of illustration Soladoye, 1985. 

Authors D. Cardon & P. CM. Jansen 



Barringtoniarac£MOSA (L.) Spreng. 

Protologue Syst. veg. 3: 127 (1826). 

Family Le<'\ t hida< v.ae 
Chromosome number 2/i. = 52 
VNmacwilar names Barringtonia, bnK^-water 

mangrove, freshwafor inani»i-o\ c fish-poison fiw, 
powder-puff tree (En). Oarrmgtonia, bonnet 
d'6vfique, manondro (Fr). Massinhana (Po). Mto- 
mondo (Sw) 

Origin and geographic distribution Bar- 
rmgtonia raceiiiosa is found m the coastal ar- 
eas of eastern A&ica ft^m Somalia to Soutii 
.\frica. through Madagascar and other Indian 
Ocean islands to tropical Asia, Micronesia, 
Polyttesia and northern Australia. 

Uses The bark of stems and roots of Barring- 
tonia rari'niosu has a high tannin content and 
IS used locally tor tanning. Uses as a dye have 
not been recorded, but the type of tannins pre- 
sent in the b.irk is widely used ;dl over the 
world for dyeing vegetable fibres into shades of 
reddish brown and also grey and black with 
lion mordants, 

The Inirk is used as a source of fibre e g. to 
make tying material. The powdered bark and 
all other parts of the plant have been widely 

used as a fish poison and <^\tr;irls have proved 
effective as an insecticide, e.g. against citrus 
aphtds. Young leaves, after soaking in lime 
water to remove their bitterness, are eaten as a 
vegetable and the pounded seeds produce an 
edible Hour. The wood provides suitable fire- 
wood, hut it has also been used for veneer, 
I)lyw<iod !ii;ht Mild temporary construrti<in and 
pulp lor the paper mdustry. Extracts or prepa- 
rations of the fruit are used against malaria, 
cough, asthma, jatmdice, headache, ejre in- 
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Barringtonia raeemoaa - wild 
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flammntion, diorrhoon and sores, and a bnrk 
decoction is applied externally to treat rheuma- 
tism. In eastern .Africa a root decoction is used 
US !i feV)nf'ug<', In Mahiysia the leaves are used 
to treat high blood pressure and as a depura- 
tive. Barruigtonia raeemoaa is a decorative 

ornament a! tree t,'i<)\\ itit,' ra]ii(ll> and easily, 

Production and international trade The 
bark and wood of Barritt^mia raeemoaa are 
only used locally wilhout any international 
trade. In local trade, however, wood is sold in 
mixed consignments of light or medium hard- 
wood, although the proportion of Barringtonia 
nici'iiiosii is probahly minnr, Put at' is the 
South-East Asian standard trade name for 
timber of Barringtonia and Manduada species. 

Properties Data on tannin content and 
tannins; characteristics are very scarce, but 
total tannin content of the bark has been esti- 
mated at 18%. The tannins belong to the group 
of condensed pronnf hocyanidins pivinp a red- 
dish leather. From this type of tannins phlo- 
batannins are formed in slightly basic solu* 
tions; these are good sources of reddish brown 
dyes. The yield of purified saponins from the 
dried ripe fruit ui about 13% and of sapogenm 4%. 
In the roots of BaningUima raeemoaa triterpenes 

such as barrifjenols and neo-<-len)dnne ditri-iic- 
nuids (nasimaluns A, B) are also present. Ethanol 
extracts of the leaves displayed cytotoxicity 
against human cerviral carcinoma cell lines at a 
CD^j value of 10-;<0 ^g.^nil. Intraperitoneal daily 
administration of methanolic seed extracts m 
mice showed cytotoxic effect against Dalton's 
lymphoma ascitic cells, without to.xicity up t<i a 
dose of 12 mg/kg; oral administration showed 
only marginal activity. Aqueous bark extracts 
showed antinociceptive effects in rats, without 
producing side effects or toxicity. 

Description Small to medium-sized tree up 
to 20(-27) m tall; bole up to 50 cm in diameter, 
sometimes with buttresses; bnrk smooth or 
fissured, grey or yellow; knee roots (pneumato- 
phores) sometimes present. Leaves alternate, 
crowded towards the ends of twigs, simple; 
stipules very small. c;iducous: petiole up to 
cm long, slightly winged; blade elliptical to 
obovate-oblong or oblanceolate, 5-42 cm x 2-16 
cm, base cunc-ife ,-ii)e\ acuminate margin en- 
tire to toothed. Inilorescence an axillai^j', pen- 
dulous raceme up to 70(-100) cm long. Flowers 
bisexual, almost regular: pedicel up to 1.5(-2.5) 
cm long: calyx tubular, splitting info (2-)3- 1(- 
5) lobes up to 1.5 cm long, green. Hushed pink 
or purple; petals 4, elliptical, 1-3 cm x 0.5-1.5 
cm, adnata to staminal tube, white, often 




Barniigluiiia raeemoaa - 1, Jluueriiig tirig; 2, 
young infnteteaeenee,' 3, ovary and style: 4, 
fruit. 

Source: PROSEA 

tinged pink outside; stamens numerous^ con- 
nate into a short tube at liase in si'vera! 
whorls, 2-5 cm long, white to pmk, inner whorl 
without anthers; ovary inferior, globular, (2-) 
3-4(-6) -celled, style simple, slender, 2-6 cm 
lonu stigma small head-shaped. Fruit an 
ovoid-tetragonous drupe 3-9 cm x 2-5.5 cm, 
tapering at base, truncate at apex, indehisoent, 
green often tinged purple or red, usually 1- 
seeded. Seed ovoid-tetragonous, 2-4 cm x 1-2.5 
cm. Seedling with hypogeal germination; hypo- 
cotyl remaining within fruit wall and seed coat, 
massive: cotyledons absent or rudimentary; 
shoot with several scales at base. 
Other botanical inlbniiatioii Barringio- 

fiin comprises about 10 species. South-Fast 
Asia is the centre of diversity with 32 species. 
Two species are indigenous to eastern Africa 
and the Indian Ocean islands Baningti^iia 
aaialirii (L.) Kurz (distributed from eastern 
Africa, through tropical Asia to Australia and 
the Pacific) has erect stout terminal inflores- 
cences and broadly p]rramidal fruits up to 12 
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cm long nnd wide. It is used as a timber tree 
and in traditional medicine. 

Growth and develoimteut Branching in 
Iktningtouia laceinosa is pred<ii!)inimtly sym- 
podial. Flowering is throughout the year and 
takes place during the night with the corolla 
otn nint; l arly in the I'vening and falling the 
next murnmg. About half of the flowers in a 
single inflorescence bloom simultaneously. 
Poliinjjtion of (he fragrant flowers is generally 
by bnts or insorts (mainly moths) \vhi<-h ore 
also attracted by the copious nectar. After 
shedding of the flowers, the infloresoenoes are 
often crowded with nnts attracted by the nec- 
tar. Fruits are buoyant thanks to a thick layer 
of spongy, fibrous tissue, and are dispersed by 
water currents. Seed dispersal is usually by 
animals that fci-fl im the fruits. 

Ecology Ban uigluiiia raceinusa is found in 
primary and secondary forest, mostly restricted 
to iniindnird flood plains on tidal river banks, 
or in swampy localities, sometimes behind the 
mangrove or in the upper mangrove swamp. 
Along tidal rivers or in upper mangrove 
swamps it may form almost pure stands It 
grows well under slightly salme conditions ur 
on beaches near the high water level, with a 
proforenco for heavy clay, loam or rich volcanic 
soils, occasionally up to oOO(-yuU) m altitude. 

Propagattott and plaatiiig Baningtonia 
racemosa can be propagated seed and cut- 
tin gs. 

Harvesting The bark can be harvested 
whenever needed. It is usually collected fix>m 
the wild, and should be collected ver>' carefully 
in order not to kill the trees (parts on the stem 
should be left undisturbed). Harvested trees 
sliould be given enough time to regraerate new 
bnrk. 

Handling after harvest The bark is pulver- 
ized before the tannin is extracted. The most 

simple extraction method is by learhinp several 
times with soft, clean, hot (not boiling) water, 
taking care that the bark is completely covered 
with water to prevent oxidation. By repeating 
the leaching process several times with new 
bark material, the tannin concentration of the 
liquid increases. 

Genetic resources .As trees of Bnrn'tifftnnin 
racemosa are not commercially har\'ested for 
tannin or timber in Africa, there is little threat 
to its genetic diveorsity. There are no records of 
Barrhifffntiia in seed or germplnsm banks. 

Prospects As a source of tannin Barringto- 
nia raeemoaa will remain aaify very locally im- 
portant. The bark could also serve as a source 



of fast brown and block dyes for vegetable fi- 
bres. In view of the poor wood quaUty it is 
unlikely that its importance for timber, either 
by exploiting natural forest ur by establishing 
plantations, wUl inci-ease. Its medicinal, insec- 
ticidal and nutritional properties need better 
invest i^jation 

Major references Burkill, 1936; Coates 
Palgrave, 1983; Femandes, 1978a: Lim, 1998; 
Mesfin Tadesse &; Edwards 11)!*.'); Pernor tie la 
Bathie ]'.)r,\- Snngai, 1971; Thuhn & Moggi, 
1993; Yaphto, 2001. 

Other references Beentje, 1994; Decaiy, 1946; 
l^eraniyaiiala. Ratnasooriya & Goonasekara, 2003; 
FAO. 1984; Hasan et al., 2000; Kokwaro, 1993; 
Palmer Sc Pitman, 1972-1974; Payens, 1967; 
Thomas et al.. 2002; Watt & Breyer-Brandwijk, 
\W2 Williams, 1949, 

Sources of illustration Lim, 1998. 

Authors R.N. Kaume 

Bertieraspicata (Gaertn.f) K.Schum. 

Frotologue Hot Jahrb. 23: 451 (1897), 
Family Kubiaceae 
Chrimiosome nmnbeT 2n = 22 

Origin and geographic distribution Bi'iiieixi 
apicata occurs from Senegal to western Cote 
d'Tvoire. 

Uses The bark of Bcrtiera apicata yields a 
yellow dye, which is used in West Africa to dye 

cotton. 

Botany Shrub up to 5 m tall; twigs clothed 

with lon^' s|ireadins,' hairs Leaves opposite, 
simple and entire; stipules triangular, c. 3 cm 
l<mg, caducous; petiole up to 1.5 cm long; blade 
ovate-oblong, 15-26 cm >c 4—7 cm, base rotmded 

to cuneate, apex acuminate hair\' belnw espe- 
cially on the 10—12 pairs of lateral veins, Inllo- 

rssosnoe a lax folse spike up to 20 cm long. 

Flowers bisoxiinl, rofiiilar, 5-meXOUS, almost 
sessile, c. 1 cm long, wliile, yellow-green or pink- 
ish; calyx tubular with small triangular lobes, 
pubesooit; corolla tubiilar with ovate lobes, 
hair>' inside: stamens inserted at corolla throat, 
almost sessile; ovary inferior, 2-celled, style fili- 
form-davate. with 2 compressed obkmg branches. 
Fnti* 1 --''ix and juicy, glolxi'^e l)err\' c o mm in 
diameter, marked with shallow longitudinal fur- 
rows when young, brown, many-seeded. 
Berliera comprises 40-50 species, with about 
.^n in Iropic.il ,\fricn r> m the Indian Ocean 
islands and 5 m tropical America. It belongs to 
the tribe Gard&deae. Bertiera spieoto belongs 
to subgeius Bertiera. 
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Ecology Bertiera spirnfn occurs in the un- 
derstorey of swamp, gallery and mangrove for- 
ests, often near the coast, sometimes also in 
seoondMrv \'''<;i'T :i1 iisii .iiifl niadsidt's. 

Genetic resources and breeding Berliera 
spieata is rather widespread in a range of habi- 
tats, and does not seem to be in danger of ge- 
netic erosion. 

Prospects At the best Bertiera ^ieata will 
remain a souroe of yellow djre of minor local 

importnnro 

Major references Burkill, 1997; Hepper & 
Keay, 1963; Holmgren et al.. 2004; Robbrecfat. 
Rohrhofer & Puff. 1993. 

Authors P.C.M. Jansen 



BkaorellanaL. 

Protolocue Sp. pi. 1: 512 (1763). 

Family Bixacom ' 

Chroniosome number 2ii - 16 

Vemaoiilar names Annatto, lipstick tree 
(Eb). Rooouyer, looou, roucou (Fr). .\nato, 
uninizoiro urucu, agafrao do Brasil (Po). 
Mzmgil'uri (Sw), 

Or^giii and geogr a phie dUsMbution Bixa 
oicJIdiKi IS n;di\(' (o fmpicnl .Vmt'rica. where 
since antiquity the red dye extracted (irom its 
seeds has been endowed with symbolic power 
(representing eternal life .sun fire and blood, 
mnjesty and power) nnd used to colour and 
flavour food. Bixa orellana became popular 
worldwide and at present it is planted and 
natui'alized almost pantropically. In tmpicid 
Africa it is cultivated on a commercial scale in 
Kenya and on a small scale in all countries. It 
has become naturalized very locally, e.g. in 




Bm» orelkaut - planted 



Kenya and Tanzania. 

Uses The main product obtained from Bixa 
orellcma is an organic dye present in the seed 
coat, commercially called annatto in Hnglish, 
rocou in French, achiote in Spanish and or- 
lean' in German. Due to its solubility in lipids, 
it is widely used in the food industry for giving 
red to orange-yellow colours to cheese, butter, 
oils, margarine, ice-cream, candy, bakery prod- 
ucts and rioC' It owes its success in the dairy 
sector to the comparative instnhility of (njuiva- 
lent certified synthetic materials as well as to 
its proven non-toxicity and vitamin A content. 
In Latin American cuisine, annatto is not only 
used to give an attractive red colour to meat, 
fish and rice dishes but also to impart distinc- 
tive flavour notes. It is used in the cosmetic 
industry in the production of nail tjloss. hair 
oil, lipstick, soap and in household products 
like floor wax, furniture polish, shoe polish, 
brass Incqucr and wood stain. The dye. mixed 
with oil, is used to decorate the hody, for in- 
stance in West Africa, Guyana and New 
Cumi ji ;ind when used in this way it is be- 
lieved also to repel insects ;md to protect 
agamst sunburn. Annatto has been used for 
dyeing cotton, wool and particularly silk, giving 

an orange-red colour which liecnmes moic yel- 
low if the dye is mixed m the dye-bath with 
wood-ash or sodium carbonate and if the dyed 
fabric is passed through a weak solution of 
tartaric or citric acid For colouring textiles, 
annatto has largely been replaced by synthetic 
^es because it is not a fast dye. Eixposure to 

light soon causes fading However the dye is 
somewhat resistant to soap, alkaUs and acids. 
Wood, bamboo, rattan and widcerwork can be 
dyed with it. In West Africa, the B.i uI pi,, 
of Cote d'lvoire use a paste of crushed MT-ds, 
lemon juice and water as paint for door posts, 
wooden masks and toys. Sometimes annatto is 
used in mixtures with other \ejiptnhle ilyes 
such as curcumin from turmeric {Cuivuina 
longa L.). 

The pi esseake of the seed and fruit is used as 
fodder. Fibres extracted from the Itark are used 
for cordage. The wood from the aged tree 
makes good firewood. Bixa ordUma is often 
planted as an ornamental in homegardens and 
public parks, valued for its beautiful white and 
pink flowers and red fruits. It is also planted as 
a hedge. The seeds and leaves are used in tra- 
ditional medicine. The seeds are edible and 
nutritive but slightly purgative and said to be 
effective against fever, dysentery, kidney dis- 
eases and poisoning by cassava. In DR Congo a 
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paste of fruits and seeds is applied against, itch. 
In Gabon a leaf decoction is taken to stop vom- 
iting, in DK Congo as a gai'gle for sore throat 
and tonsillitis, in the Sf\ <-hcllt>s :ind M;airitius 
as a bath agamst muscular pam. in Ethiopia 
the leaves are applied as a wound dressing and 
in Mauritius against headache. In Mexico and 
Paraguay seeds and sap have been used 
against mouth diseases. 

ProdlietiiMt mmA intenuitional trade The 
main commerrinl producers of Bi.vn oreUana 
are countries m South America, Central Amer- 
ica, the Caribbean, Africa, and also India and 
Sri Lanka, IVtu is the largest < \|ii>ili>r of an- 
natto s • ij. annually about 4000 t, Brazil the 
largi'si pruduoer with about 6000 t. Kenya ex- 
ports annually about 1500 t annatto seed and 
extracts and ai'tcr Peru is the lar^'est e.xporter 
particularly to Japan. Cote d I voire and Angola 
are also exporters. In Kenya fi£wa orellana is 

grown by smallholders jinrt irularly near the 
coast in ivihfi District, Kwale escarpment and 
Shimba hills area. In many tropical American 
countries the dye is collected both from plants 
cultivated in homegardcns and frum plants 
growing in the wild. Production statistics are 
not usually available, and would not provide a 

I'l li.-iMi' piiidc If) int<-rnat ional Iratle since 
many of the producing cxiuntries ulihze signifi- 
cant quantities domestically (e.g. Brazil is a 
large producer and consunn r needing addi- 
tional imports). .Annual world production of 
dried annatto seed at the beginning of the 21*' 
century is estimated at about 10,000 1 of which 
7000 t enters international trade. The average 
market price per t seed varies strongly; be- 
tween 1984 and 1990 it fluctuated between 
US$ 600 and US$ 2300. The main market for 
annatto is the United States with .'^000 f/year, 
followed by western Europe (2500 t; and Japan 
(1600 t). Some 70H of the product is used in 

the iniix irt ini; cdunlries tn colour cheese. Trade 
in annatto extracts (instead of dried seeds) has 
increased strongly since the 1980s, with the 
water soluble norbixin extract being largest in 
volume followfd by veKcltible oil extracts, and 
solvent-extracted bixin in third place. 

Properties The colouring matter present in 
the seedconf of Bt'xa nn-Ilana is annatto, known 
in the European Union as E 160(b). Other codes 
used for annatto are CI 75120 and Natural 
Orange 4. In the European Union the use of 
annntto is permitted in a variety of food prod- 
ucts; ui the United States it has FDA GKAS 
(Generally Recognized As Safe) status for use 
in food, drugs and cosmetics. The principal 



components of annatto are the carotenoids 
bixin and norbixin. Bixin, the monomethyl 
ester of a dicarboxylic carotenoid (C91H30O4), is 
the naturally occurrini; ff)rm. norbixin 
(Ca4H2804) is the saponified form of the same 
carotenoid. They are chemically related to ly- 
oopoie and saffron. Bixin and n<irbixin nor- 
mally occur in the ds form, hut small amounts 
of the more stable trans forms are formed on 
healing. The cis forms are redder than the 
trans forms and thus are the pigments used 
commercially. The carboxylic acid portions of 
the norbixin molecule contribute to its solubil- 
ity in water, while the ester component of bixin 
makes it more soluble in oil. As the ratio bixin : 
noibixin in annatto can vary this provides 
flexibility for its use in a wide variety of appli- 
cations and a range of colours fr<<m oranye to 
red. Norbixin provides the golden -yellow colour 
of Cheddar cheese and is also preferred in 
cheese production iK i-.inse it associates with 
the curd rather than the whey. Annatto also 
contains small quantities of other carotenoids 
and degradation products of bixin. A yellow 
degradation product, termed Ci: yellow pig- 
ment, is produced on heating. The ethyl ester 
of bixin, named ethyl bixin (Cs7H840^, is used 

as n suspension in vegetable oil for colouring 
foods. It imparts a gulden-yellow colour. Bixin 
itself has no provitamin A activity, but other 
fractions of the dye do have it, which adds to 
its usefulness in colouring margarine and but- 
ter. Three methods of extraction from the seed 
are in general use, which yield 3 products each 
with its own characteristics .Annatto can be 
prepared by extraction with an edible vegeta- 
ble oil yielding a soluticm of mainly bixin in the 
oil. Extraction with an aqueous .soluh' n fields 
annatto rich in noj-bixin. Finally, extraction 
with solvents followed by removal of the sol- 
vit yields mixtures of bixin and noifoixin crys- 
tals or powder. For numerous special applica- 
tions special formulations are made. 
The bixin content of the seed varies strongly, 
usually 2-4%. The proportion of bixin present 
in commercial annatto extracts varies consid- 
erably, and depends on the nature of the prod- 
uct. A solution in vegetable oil usually contains 
0.2-.5% bixin Norbixin concentrations of com- 
mercially' available spray-dried annatto powder 
range from 7.5% to 15%. 

The seeds have a hi^h nutritive value, contain- 
ing a small amount of fatty oil (.^%) and about 
13% of protem. The seedcoat contains a 
wax-like substance whidi acts as a vermifuge 
and the flowety scent of the seed is caused by 
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the tetracyclic scsquitcipcnc ishwaranc. The 
fruit wall contains tannin. Ellagic acid and 
cyanidin have been isolated from the leaves. 
Extracts of the fruit and the leaf showed anti- 
bacterial activity against Sfaphylococcus 
auretu, Eaeheriehia coU and Stdmonella typhi. 
A gum extracted from the bark is similar to 
gum arable. The wocul is soft, light (aii'-dry 
weight about 400 k^'/m ^), yellowish to pinkish 
yellow and not (iurahh\ 

Adulterations and substitutes The main 
competitor for annatto extracts in certain food 
ai^UcationB is qrnthetic P-carotene. 

Deaer^tion Evergreen shrub or small tree 
up to 6(-8) m tall; trunk up to 10 cm m diame- 
ter: bark pale to dark brown, tough and 
sinniith sMinetimes fissured, lentu»Uate, inner 
barlv with orange sap; branches greenish and 
densely rusty-scaly when young, later becom- 
ing dark brown, ringed at nodes. Leaves arranged 
spirall}', simple and ontiro; stipules quickly cadu- 
cous, leaving horseshoe-shaped scars; petiole 
terete, tludiened at boUi ends, 1-13 cm kag; 
blade ovate, 5-25 cm x 3.6-16 cm, shallowly cor- 
date to truncate at base^ kng-acuminate at apex, 




BLxa orellana - 1, flowering branch; 2, flower; 
3, fruit; 4, halved fruit showing aeeda. 
Source: PROSEA 



dark green above, gi-eyish or brownish-prncn be- 
neath, scaly when young but glabrescent, 5- 
veined from the base. Inflorescence a terminal, 8— 
50-flowered [lanicle or corymb. Flowers bisex- 
ual, regular, fragrant; pedicel 0.5-1 cm long, 
scaly, diickened at the apex bearing 5-6 large 
glands: sepals 4-5. free, obovate, 10-12 mm 
long, caducous; petals (4-)5-7, free, obovate, 
1.5-3 cm X 1—2 cm, pinkish, whitish or pur- 
plish tinged; stamens numerous free anthers 
violet; ovarj' superior l-coIK-d style lli-l.lmm 
long, thickened upwards. Fruit a globose or 
broadly to elongated ovoid capsule 2-4.5 cm x 
2-4 cm. more or less densely clothed with long 
bristles, green, greenish brown or red when 
mature, 2-va1ved, many-seeded. Seeds obovoid 
and angular. !-•") mm long, with bright or- 
ange-red ileshy seedcoat and small whitish aril 
around the top of the lung funicle. Seedling 
with epigeal germination, cotyledons thin, 

ovatr '.■■i'lni'il hy:ii rni'ly l 'ii 

Other botanical ini'ormation Bixa is the 
only genus of the family Bixaceae and com- 
prises about 5 species confined to Central and 
South America, with onl> Bixa orellana culti- 
vated and sometimes naturalized m many other 
tropical regions of the world. Hie variaticm in 
shape and colour of the fruits of Bixa ntvllann is 
considerable. The shape vanes from globose to 
ovoid, broad-lopped and shortly acuminate to 
elongate-ovoid and long-acuminalc The colour 
varies from white to green nnd n-A The types 
with ovoid, broad-topped and short 1} acummate 
finite are reported to have a lower bixin content 
than the ones with globose or elongated fruits, 
and are consequently considered inferior. Tjpes 
with white flowers occur, but pink-flowered 
plants are much more common. Although many 
cultivated t\-pes exist, there is no official cultivar 
classification. 

Growlii Mid d«ve1a|niieiit Mature seeds 
taken directly from fresh fruits perniinatc 
readily in 7-10 days under moist conditions. 
Cleaned, sun-dried seeds retain viability for 
over one year, but their germination rate falls 
to \2% in 3 years. Seed-grown plants take 
comparatively long to flower and initially do so 
sparingljr; th^ are veiy tall and exhibit much 

variation. Pl.mts iiropnpated by cuttings flower 
earl)' and profusely' and bear fruit within two 
years. Pollination is by insects; honeybees are 
observed in plenty around the plant, Fruits 
matvire .o-f! months after pollination. I'roduc- 
tion of seed reaches a maximum in 4-12-year- 
old plants, which can remain productive fi>r 
more than 20 years. 
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Ecology Dixa orellana requires a frost-free, 
warm, humid climate and a sunny location. 
Optimum conditions are an average tempera- 
ture of 20-26''C in areas with an average an- 
nual rainfall of 1250-2000 mm, well distrib- 
uted over the year but with a diy season for 
iioi'd ripening. However. Bixa orellana can 
grow m a wide variety of tropical to subtropical 
climates and needs little care, though in re- 
gions where rainfall is not distributed evenly 
throughout the year, irrigation may be neces- 
sary. It grows on almost any type of soil, with a 
preference for neutral to sUghtly alkaline soils. 
It grows into a larger tree whrn planted in 
deeper and more fertile soil, rich in organic 
matter. It does well tm limestone, wheie the 
topsoil is only a few cm thick and overlies a 
cornl base. In .Africa it is grown firom aea-level 
up tu about 2UUU m altitude. 

Propagatton and plantiiig Buaa ordkma 
can be propagated by srori and stem cuttings. 
Seed is sown directly in the field 2-5 seeds per 
hole in well-prepared soil, usually at the be- 
ginning of the rauiy season. After germination 
onlj' one scciilms; per hole is retained. Seed- 
lings may be raised m planting trays; they are 
transferred to 1 kg bags containing a soil mix- 
tiire and kept in the nursery for .'!— I months 
before they are transplanted into the field. 
Hardwood cuttings of 8 mm or more in diame- 
ter readily root when a root hormone suitable 
for hardwood cuttings is applied. Roots are 
produced in abundance in 7-9 weeks. Rooted 
cuttings are first transferred into pots or bags 
and kept in a nursery ain! am hi' transplanted 
to the field after li months. Fur commercial 
production Bixa orellana is planted in rows 3- 
4 m apart, with plants i ! .n 2-:^ m within 
the row depending on soil ami rl'mnli- 

in vitro production of active compounds 
AttOTipts have hem made to produce bixin 

nrtifii inlly by introducing the 3 genes of Bi.vn 
orellana that govern bixin synthesis in the 
plant into a strain of the bacterium Eaeherichia 
coU, which had been engineered to produce 
lycopene. This induced the bacterium to con- 
vert lycupene into bi.\in. Tests were promising 
and the average production level of bixin in 
Escherichia cnii was .5 mg per g drj' weight. It 
might be possible to use the 3 genes in sink 
organs sudi as tomato firuits, where massive 
amounts ctlycapsnB are accumulated, to create 
a competitive alternative source for natural 
bixin production. 

Management Weeding is necessary only in 
the initial stages of plant growth. Once the 



canopy is formed, periodic slnshing of the weed 
cover and light pruning to remove dead and 
weak stems and to balance the shape of the 
plant are required to incr<-ase yield. Lowci' 
branches are either tramed or pruned to ease 
management operations. Apical pruning is done 
to encourat,'!' bianchint; ami to riMlucc plant 
height for ease of harvest. Suckers arismg from 
the roots need to be removed. Earthing up the 
plants afiw appUcation of fertilizer will help 
rejuvenation ns a rntoon crop. No ariifu i.il [lol- 
Imation is required, but if bees are kept near 
the plantation, seed 3rield may increase. Bixa 
orellana grows easily and is tolerant of nutri- 
ent-poor soil, rarely showing deficiency symp- 
toms. Chemical fertilizers are not usually ap- 
plied. Trash is usually collected and burnt out- 
side the field and the ash is added to the field 
along with poultry or farmyard manure. How- 
ever, application of NPK fertilizer enridied 
with boron and molybdsmum encourages faster 
early growth and higher 3rield. 

Diseases and pests Bixa orelUma is some- 
times infested by powderj' mildew caused b>- 
Oidiuni bixac and Oicliuin Inneae svhich attack 
mainly young fruits; the latter fungus causes 
powdery mildew in rubber. A foliar disease of 

minor importance, caused by the fungus PJiyl- 
Loalicla bixuia, has been recorded m (.luam. 
Insect pests are of minor importance; I hey in- 
clude spiralling whitefly {Aleurodicus disper- 
sus), pink wax scale {Ceroplaslrs nthen.i) 
transparent scale or coconut scale {AspitUotus 
destmetor), Seychelles scale (leerya aeyehti- 
lariini) and redbanded thnps (Seleiiothrips 
rubrocuLcUis). In Indonesia Bixa orellana is 
reported liable to attack by tropical mirid bugs 
of the genus Helopeltis whidi are destructive in 

tea plantations. 

Harvesting Under favourable conditions the 
first harvest of Bixa orelkma can be done 1.6 

year after field planting. The fruits should be 
harvested after they start to turn brown and 
before they split open. They are dried in the 
shade and threshed by gently beating with a 
stick. The seeds can then be collected, dried 
again, cleaned to remove dust and other plant 
parts, and stored. Fruits harvested when not 
yet ripe or when allowed to stay on the plant 
long after maturity reduce the quality of the 
product. 

Yield No reliable statistics on yield arc 
available. Seed yield is reported to be as high 
as 3-5 t/ha, but in Sri Lanka yields of only 625 
kg/ha have been reported. Usually annual seed 
yields are 800-1200 kg/ha (0.6-4 kg per tree). 
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From 1 kg of seed 20^0 g of dye can be ob- 
tained. 

Handling after harvest Seeds of BLut oivlltnin 
thtit have bwn jimporly hfm'estfil. tlin'shcd. and 
dried to 1-6% moist ui^e content retain their qual- 
ify for a long time provided they are stored in a 
cool, daik and dry plaoe. Sun drying takes 
about 3—10 days. Artificial dtyiug is also done 
at maximum temperatures of 66-60*C. To 
avoid deterioration of the pi^mc^n content 
howovor, stomtTP porinds should hi- kopt as 
short as possible. Clean double jute bags, con- 
taining 50-70 kg seeda, are used for e^qxirt. 
OceMti shipment is preferably done in venti- 
lated contamers. 

Traditionally the dye is extracted from seeds 

by soaking and squeezing in water to dissolve 
the fleshy seedcoat svhuh contains the dye. The 
dye is only partially soluble in water and pro- 
duces a turbid solution. The solution of bixin is 
ooncrntj-ntod by heatinp and siihs. iiucnl ly 
cooled to form red crystals. The solution may 
also be allowed to ferment for about a week, 
and the dye that has settled at the bottom of 
the vessel is then separated and dried into 
cakes. A third traditional method ot extractmg 
the dye is to boil the seeds with a sodium car- 

bonate solution filter, and juiilify the fillralc 
after which the dye is coagulated by boilmg 
with salt, fdter-pressed, washed and dried. 
For dyeing cotton, annatto is dissolved in boil- 
ing water and a solution of sodium rarbonato 
The cloth is left m this solution for about 20 
minutes, then squeezed dry and washed in 
acidulated water or an alum solution and dried 
m the shade Vor dyeing silk, a solution is 
made of e<iu d pii>i)ortions (by volume) of an- 
natto and sodium carbonate in water; soap is 
usually added and thf dyeintr is continued at 
50'C for about an hour (longer duration gives a 
darker colour). Wool is dyed at about dCC in a 
water solution of annatto, without addition of 
other compoimds. For 100 g of wool 100 g of 
annatto is needed. 

Genetic resources In its area of natural 
distribution. Bixa ari'lhtitn is widespread and 
does not seem to be m danger of genetic ero- 
sion. Germplasm collections are available in 
tropical America, e p at ATTE Turrialba, 
Costa Rica (about 130 accessions), Universidad 
Nacifmal de Colombia, Palmira, Coknnbia (100 
acceasionB) and CENARGEN, Brasilia. Brazil 
(22 accessions). 

Breeding Selection and breeding in Bixa 
orellcuia is directed towards improvement of 
planting stock by breeding high-]rielding culti- 



vars adapted to count rj^ and climate, but little 
work has been done so far. 

Prospects Many natural dyes have been 
superseded liy synthetic dyes Ilmvever. there 
is still a strong demand for annatto in the food 
and cosmetic industries because of the carcino- 
genic acti\ ity of many synthetic dyes. Although 
P-carotene with its vitamin A activity competes 
with annatto to some extent in household mar- 
garine, the lower price and the lesser complex- 
ity assoriatetl with its use favour annatto. The 
major use of annatto is in the cheese-makmg 
inchistry, and its prospects aro dep^dent on 
the growth of this industn,', E.\isting e.xporters 
of annatto appear to be capable of servicing 
any eoneeivable level of demand for the fore- 
seeable filture, and i)ii]iortunities for new sup- 
pliers seem to he limited but not impossible 
provided a consistent high quality is produced. 
It is expected that international trade will tn- 

crensinijly shift from seed to seed extracts. The 
scope for rapid improvement in BiAa orelUma is 
still considerable. 

Major references Baer 1976 Buikill. 1985; 
Donkin lUTl Oreen. 1995: Rajendian. 1991. 

Other references Adjanohuun et al., 1983a; 
Anand, 1983; Bouvier, Dogbo & Camara, 2003; 
Bridson 1975; Cardon, 200;i: Dernry 19 in- 
Francis, 1999; Galino-Cuspmera, Lubran & 
Rankin, 2002; Gurib-Fakim, Gu^ho & Bissoon- 
doyal, I99."i: Jansen, 1981; Miego, i;)92; Pres- 
ton & Rickard, 1980; R.iponda-Walkcr & Sil- 
lans, 1961; Wild, 1960; W illiamson, 1955. 

Sonrees of illttatration Rajendran, 1991. 
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BKUc;uii:KAGYMNOUiilZA (L.) Savigny 

Protologiie Lam Rncycl. 4: 696 (1798). 

Family Rhizophoraoeae 

Chromoaome number 2n = 36 

Varnaoular names Black mangrove, Bur- 
ma mangrove (En) Paletuvier noir manulier 
noir (I' r). Mangue encurnado, pau saigado ma- 
cho (Po). Mshinzi, muia, mkoko wimbi (Sw). 

Origin and geographic distribution Biii- 
guiera gyiniwihiza occurs along the coasts of 
tropical eastern and southern Africa, Madagas- 
car and other Indian Ocean islands, through 
tropical Asia to north-onstom Au.stralia. Mi- 
cronesia and Polynesia. The tropical Asian 
area probably represents the centre of origin. 

Uses The bark of Bruguiera gymnorhiza is 
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Bruffdem gymnoHtiza - wild 

rich in tannin and suitable for tanningr leather 

nnfl for Irr-ntinp snils nnrl fishin<z nets for 
longer preservation. The bark provides orange 
to reddish brown dyes without mordanting, 
and pvirplish brown, grey and black colours if 
thf filirt's or textiles are treated with, iron-rich 
mud ur irun sails. 

Planks up to 7 m long can be obtained from the 

hois, antl thfsr nrc iisod for pih^s, hcnisr posts, 
rafters, fishing stakes, and electricity or tele- 
phone poles. The wood is mote commonly used 
for firewood and charcoal. It can also be uaed 
for the paper industr\- but the pnper is of poor 
quality. The bark is used as a condiment (e.g. 
with fish), adhesive and as an astringent mei^- 
eiiie afcjaiiist diarrhoea and sometimes malaria. 
The fruits are sometimes used as an eye medi- 
cine. Tn Mauritius a decoction of Uie root, 
mixi il w ith leaves of Piper pyrifolmm Vahl, is 
drunk agnin.st hloodinii diabetes and hyper- 
tension. The leaves and peeled hj^ocotyls, 
soaked in water and boiled, can be eatra as a 

vepelnhle in times of scarcity. r)rrnsionn]|y 
Bmffiiem gymnorhiza is planted to prevent or 
combat erosion along coasts. 

Productioii and international trade The 
main countries producing: tannin from Brii- 
guicra gyinnurhiza are East Alrican countries, 
Indonesia (Kalimantan), Papua Nc»w Guinea 
nnd the Philippines. At present Borneo nc- 
coinits for an important proportion of world 
supplies. However, no figures are available 
because bark and tannin from Bnigiiiera gym' 
norhiza are sold together with bark and tannin 
from other mangrove trees such as Rhizophora 
and Ceriaps species, collectively called 'man- 
grove cutch'. In many countries the production 



of tan bark is only of secondarj' importance 
behind the exploitation for charcoal, fuel and 
timber. Bakau is an international trade name 
for thf timlier of Bnistiiera, Cerio/is and 
Rhizophoixi. in eastern Africa, the largest 
mangrove timber poles usualty originate fivm 
Bmguiem gymnorhisa and are called "nguso' or 
Vigingi' in Swahili. 

Properties The percentage of tannin in the 
bark can vary from 20—43% on drj' weight ba- 
sis depending on age, .season and habitat. The 
bark of the trunk of large, aged trees is richest 
in tannin. The tannins belong to the group of 
oindr'nsed tannins of the proanthocyanidin type, 
which can rearrange in mild alkaline conditions 
to produce reddifdi dyes, the phlobatannins. 
EUagicacid and di- and tn-O-methylellagic add 
have also been identified in the liark The tan- 
ning stufl' imparts a reddish colour to leather, 
and is often mixed with other less colouring 
tannins in the tanning indusfrA'. It is siiital)lo 
for tanning heavj' hides into sole leather. Other 
parts of the tree also contain tannins (e.g. 
about 13% in the leaves). The bark contains 
about 11% niucil.igmous sap. which is mainly 
composed ol arabinose, rhamnose and galac- 
tose, and also 0.06% of a mixture of bruguierol 

and isobrugiiierol (ratio of .'i : 1). 
The heartwood is red-brown and distinctly de- 
marcated ftvm the pale brown sapwood. The 
wood is heavy with a density of about 975 
kg.'nv' at ]'•>% moisture content The grain is 
usually interlocked, texture fme and even. At 
16% moisture content the modulus of rupture 
is 12.'^, Wmin-'. eumpression piu allel to grain 
68 Nymm-, shear 13.5-16 N/mm-, cleavage 46 
N/mm radial and 63.6 N/mm tangential, Janka 
side hardness 1 ().:{()() N and Janka end hard- 
ness 7900 N. The rates of shrinkage are mod- 
erate, from green to 12% moisture content 2.5% 
radial and 6.6% tangential. Logs shrink and 

check excessively during seasoning. The WOod 
is strong and hard. It works and finishes well. 
It is moderately durable when exposed to the 
weather or in contact with the ground: poles 
may have a service life of 10 yt-ars, The wood is 
easy to treat with preservatives and absorbs 
200 kg/m>. The energy value of the wood is 
18 ;).i()-2(1 200 kJ/kg. 

Description Medium-sized, evergreen tree 
up to 36 m tall; bole up to 65 cm in diameter, 
buttressed; bark grey to almost black, roughly 
fissured, usually with large corky lenticels on 
buttresses and base of stem; knee roots or 
pneumat<^hore8 present. Leaves decussately 
opposite, sinm>le, and entire; stipules c. 4 cm 
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Bmguiem gymnorkisa - 2, tree habit; 2, flower- 
ing branch; .?, petal ii I'lh eiielowd atomen-poir; 
4, fruit aiid hypocoiyl. 
Source: PROSEA 

lonp, often roddish prtinlo 2-15 cm long, often 
reddish; blade elliptical to oblong, 8-22 cm x 5- 
9 cm, base cuneate, apex acute, leatheiy, gla- 
brous piiiti.-itfly veini'd F-'lnwtTs solitaiy, 3— 
3.5 cm lont; generally nodding; pedicel 1— 
2.5 cm Ions, bright red on the outside curve; 
rnly\ tubulaf fof 1-2 cm, lO-KMobed with 
lobes nnrrowly lonc-trinncular .iiid up to 2 cm 
long, red to pmk-red, tube usually ribbed at the 
upper part; petals as many as calyx lobes, 
white or cream, 13-15 mm lonR. 2-lobed encb 
lobe with 3-4 long bristles, outer margins 
fiinged with white silky hairs especially at the 
base; stamens in pairs embraced by the petals 
up to 1 1 mm Ions, with linear anthers: ovaiy 
interior, usually ;i-celled, style about 15 mm 
long with filiform stigma. Fruit a campanulate 

berrj- enc losed by the calyx tube 2-2.5 cm lonp, 
1-celied and l(-2)-8eeded, viviparous. Seedling 
with dgar-shaped hypocoiyl, slightly angular, 
16— 25 cm X 1.5-2 cm, with a blunt narrowed 
apex, perforating the apex of the fruit and fal- 
ling with It. 

Other botanical infonnaiioii Bruffiiera 
comprises 6 species, which are all used outside 



iVfrica in the same waj- a.s Brufiiiiera fivin- 
norhiza. "Hie other species are widespread from 
trc^ical Asia to Australi.i and Toiynesia in 
mani^rove vegetations^ and their barks usually 
contam less taiuim. 

Anatomy Wood-anatomical description: 
- Macroscopic characters: 
lleartwood red-brown, distinctly demarcated 
from the pale brown sapwood. Grain usually 
interlocked Texture fine and even, rjnnvth 
rings indistinct- vessels small and indistinct 
to the naked eye; parenchyma indistinct even 
with a lens; rays generally visible. 
Growth and development Bnignieni gyni- 
itorhiza is viviparous, i.e. the seeds germinate 
while still attached to the tree. After the seed- 
lings are released th^ £all vertically into the 
mud and become estalilished rapidl\ The tree 
develops according to AubreviUes model of 
ardiitecture characterized by a monopodial 
trunk having rhythmic growth and pingiotropic 
branches. It takes 10 years to attain 16 cm in 
bole diameter. Brugiiipro gymnorkisa is one of 
the lai^est trees of the mangrove and probably 
the one living longest. Growth decreases with 
decreasing salinity, which happens in the proc- 
ess of sedimentation in mangrove forest. In 
eastem .\fri(a Bniffiiifva gyninnrhiza usually 
does not grow over 25 m, but on Chale Island 
(southern Kenya) specimens reach a height of 
over 'SO m. Flowering is mainly from January 
to March and fruiting from .\pril to July. The 
flowers are visited by birds such as honey eat- 
ers and by insects. The poudied petals 'explode' 
when triggered, scattering pollen on the visitor. 
Thf fruits (seedlings; are dispersed by water. 
Thi \ ( an remain alive, floating in the water, 
for 5-6 months, which may explain the large 
area of distribution 

Ecology In eastern Mrica, Brugiiiera gyiii' 
norhiza is a component of mangrove vegetation 

consisting of H-0 species It is rhnracleristic of 
the landward side of mangroves and can grow 
along the liver beds upward as far as the tidal 
range, but it also is a common element of man- 
grove assemblages in the mid-intertidal zone 
inundated by normal high tides (or in some 
cases by spring tides only), where it is often 
mixed with Phi'-nphora ntiirrnnata P<iir. and 
Ceriops tagal (Poir.) C.B.Rob, .although Bm- 
guiera gymnorkisa is not recognized as a pio- 
neering mangrove species, propagules from the 
tree are often found on exposed beaches where 
the mangrove belt is thm or depauperate. It 
usually grows on somewhat dry, well-aerated 
soil but also on mud, sand and occasionally 
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black, peaty soils. It tolerates a pH of 6-8.5. 
Brugiiiera gymnorhiza marks the climax vege- 
tati<m of littoral mangrove forests, before the 
tmnsition to laml foifst It is sh;nli' tolcrfint 
and able to establish it self even m pui'e stands 
fii Bhizophom. The regeneration after felling is 
usually scant or even absent. The ti'inixTatu if 
range for growth is 15-3U''C with the optimum 
between 20-26<'C. The annual rainfall range 
for growth is 10()()-8t)()0 mm wilh the optimum 
between 1 mm. Dnifiuiern .x;.v7»- 
norhiza withstands flooding with fresh as well 
as salt water (maximum up to 3% NaCl). but is 
usually absent from the area nearest to the 
seaw ard edge. 

Propagatfon mnd planting Natural regen- 
eration of Brufftiera gymnorhiza is usually 
very fummon. Propagation by cuttings is ver>' 
dillicult and trees suffer when branches are 
taken off. Seedlings can be collected either 
from tbe trr-o.'; or from the ground nnd they arc 
equally' viable. They can be planted in a nurs- 
ery and transferred to the field 3-4 months 
later, at a apaxse of 3 m x 1 m. Xurseries out- 
side the mangrove forest should lie inade by 
planting fruits in polythene bags filled with 
brackish clay continuously soaked with sea- 
water or a solution of aiijiroximatrly '.'[) g Xa("^| 
per 1 water. Seedlings develop best where the 
tidal range is cnly about 36 cm and the salinity 
1-2.."%. 

Management Little is still known about the 
silvicultural management of mangrove forests 
and little experimoital work has been done on 
natur.il and artificial regeneration. In general, 
clear fellmg with natural regeneration can be 
carried out in st nps perpendicular to the coast, 
leaving s<'veral mother trees. For Bnigiiicra 
gymnorhiza cutting ryclrs of 10—20 years have 
been suggested, but a rotation of 30 years is 
applied in mangrove forests in Thailand. Bru- 
guiera gymuorhiza does not l oppiro. In man- 
grove forest the fern Acroslichum aureum L. 
becomes a weed and has to be controlled after 
the forest has been logged. Once seedlings have 
established themselves, the fern acts rather as 
a nurse, forcing the seedling up. Cutting Bm- 
guiera gymnorhixa to extract tannin and pro- 
duce charcoal lends to n gi-ndual trnnsformn- 
tion mto a /?/i(£op/ioro-dominated vegetation. 
The slow growth of Bmguiera makes it more 
suitable for planting for charcoal or chipwood 
than for sawn timber Experiments in Indone- 
sia have shown that Brugiiiem gymnorhiza can 
easily be planted and grown. It might be suo- 
oesafiilly used for reafforestation in areas 



where mangroves have been destroyed. 

Diseases and pests No serious diseases or 
pests are known for Bntgiii.era gymnoiiiisa. 
Seedlings may be attacked by mangntvc crabs 
like Scylla aerraia, Seaarma meinerti and 
Seaarma smithii. Sometimes plantations may 
-^uffl r fi-citn r.'itcrpillai's 

Harvesting Brugiiiera gymnorhiza is mostly 
harvested from natural stands. There is no 
particular season for li.irk harvesting. After the 
trees have hern tVllctI the bark is separated 
from the wood and air-dned. 

Yield A good mangrove stand can have an 
annual wood productivity of 10-20(-2")) ni per 
ha for all species. The yield of bark per ha from 
Bmguiera gymnorhiza is unknown. 

Handling after harvest Chopped bark can 
be used directly in the tannery or the tannin 
can be extracted by boiling the bark in large 
vessels and evaporating down to a solid brown- 
Mark mn.ss cnniHl cutch . Roiled bark or dis- 
solved cutch can both be used for dyeing textile 
fibres and leather in various shades of orange 
to reddish brown (without mordant or with an 
alum mordant), and in grey to black if an iron 
mordant is used. 

Oenetto resources Bmguiera gymnorhiza 

is widesjirc ;ul rmd not yet in direct danger of 
genetic erosion. In eastern tropical Africa, in- 
cluding the Indian Ocean islands, about 10,000 
km- mangrove vegetation is present. Tanzania, 
Mozambique and Madaga.scar are the countries 
with largest mangrove areas. About 25 areas 
are protected, but in many regions mangroves 
are threatened. They are over-exploited foi- 
timber or are cleared to make way for rice or 
shrimp farms, salt pans and urban develop- 
ment. These ecologically important habitats 
are also threatened by untreated waste dis- 
charged into rivers, industrial pollution and 
pestiddes contained in run-off fimn faims. 
Dams constructed in riv(^rs that flow into man- 
grove habitats have decreased the llow of water 
causing the salt content to increase to unnatu- 
rally high levels. Mangroves are also vulner- 
able to natural stresses such as river floods, 
deposition of sand and sediments, and nsmg 
sea levels. The decline of mangrove forests 

along the East .Xfrican coast is mainly due to 
over-exploitation for charcoal, firewood, tnnlier, 
dyeing and tanning materials without replant- 
ing. All tiiese issues should be included in fu- 
ture mangrove management and reforestation 
plans. 

Prospeots The use of Bruffiiera gj^norhisa 
bark for taiming m^ only remain important 
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locally. The possibilities to only use the lenves 
and small branches as tannin and dye sources 
for local uses without damaging or cutting 
il'iwn the trees sliould he ecmsidered. In a 
broader perspective, the mam issue is a ration- 
alized use of mangrove forests. This will mean 
(■h;inges to present approaches in mangrove 
management. Problems to overcome are the 
lack of coDununity input into management 
approadies, high levels of poverty within in- 
(li^enous ronstnl communities, n genernl Inck of 
awareness of the true value of mangroves, and 
over-utilization for diarooal, firewood, timber, 
tanning and dyeing materials. There has been 
no reforestation done in areas where man- 
groves have been exploited. Management poli- 
cies have been introduced to control and pro- 
hibit destruction of mjmtjmve forests, but there 
are lew or no means available for their imple- 
mentation. Knowledge of many aspects of 
mnnurove ecosystems needs tn lu^ improved. 
Proper techniques for natural and artificial 
regeneration need to be developed, and more 
information is needed on growth and develop- 
ment 

Major references Coates Palgrave, 1983; 
Ruij^iman, 1991a; Saberi Othman, 1998; Tay- 
lor, Ravilious & Greoti, 2003; Torre & Gon- 
(alves, 1978. 

Other references Ar^es, 1964; Beentje, 
V.m. Roonkerd & Chan, V.mi; Chan & 
Boonkerd Decar>-, i;)ir>; Friis, ]'.Y.r.V 

Gongalves & Torre, 1979; Gurib-Fakim, Gueho 
& Bissoondoyal, 1997; Hou, 1958; Lewis, 1988; 
P<irter. 1994: Tomlinson. lOSC: Watt & Br^er- 
Orandwijk, 1962; WilUamti, 1949. 

Soorees of ffltutratloii Saberi Othman, 1998. 

Authors \ .X. Mainga 
Based on PROSEA 3: £>ye and tannin^mMludng 
plants. 

BUCHNLKA HLSFIUA Buch.-Ham. ex D.Don 

Protologue Prodr. fl.nepal.: 91 (1825). 
Family Scrophulariaceae (APG: Orobancha- 
ceae) 

Chromosome number n = 14 

Synonyms Biiclmnn J'<<iL:lfn}Ui Klotzsi'h ( IS'il). 

Origin and geographic distribution Buch- 
nera hispida is widespread in tropical Africa 
and subtropical southern .\frica, Madagascar 
and Comoros, and through Yemen and Oman 
to India. 

Uses The whole plant of Buchnera hispida 
turns blue-black if bruised and becomes blade 



after drj'ing. The dried powdered plant is used 
as source of a black dye for skin and textiles in 
Gambia. In Tanzania dried powder is mixed 
with rasti)) oil and applied externally to treat 
scabies and eczema. 

Properties No information on the phyto- 
chemistry of Buchnera hispida appears to l)e 
available, but several Buchiiem species contam 
iridoids which, if also present in Buehnera hw- 
pida, could cont ribute to its colouring action. 

Botany K;n-ult.-)ti\c hemiijni-;isi(ic c-rect an- 
nual hei-b up to 1 in tall with simple or branched, 
hairy or scabrid stem. Leaves in a rosette at 
base in young plants .dternate on the stem, 
suupie, sessile, ngid-hairy to scabrid; stipules 
absent: rosette leaves elliptical to almost circu- 
lar, 2- i ■" t m X 1.5-2 cm, margin entire, 3- 
veined with a pinnately dividf'd midrib: lower 
slem leaves ovale-lant*?olale to oblong, 4.5—7.5 
cm X 1—2.5 cm, mat^n entire to coarsely ir- 
regularly toothed, ,'Vvoinod with midrib pin- 
nately divided; upper stem leaves linear- 
lanceolate, 1.5-4 cm X 1-2.5 mm, margin en- 
tire to remotely dentate, 1 -veined. Inflores- 
cence a terminal lax spike up to 2r)(-in) cm 
lung; bracts leaf-like. Flowers bisexual, regular, 
6-merous, nearly sessile; <se\yx tubular, 4-8 

mm long lO-veinrd riuiil-h.-iiiy, lobes 1—2 mm 
long; corolla tubular, tube cybndrical, up to 7.5 
mm long, hairy, lobes equal, blue, purple or 
white, throat villous; stamens 4, inserted on 
rornlla tube ineludeil 2 slightly longer than 
other 2, oviiry superior, 2-celled, style filiform, 
stigma club-shaped to cylindrical. Fruit an 
ov(ii<l capsule up to miTi mm, many- 
seeded. Seeds longitudinally striate. 
Buchnera comprises about 100 species and oc- 
curs mainly in the tropics of the Old World, with 
about 90 species in tropical Africa, If is closely 
related to Shiga, which comprises parasitic 
plants that are more destmctive to crops. 

Buchnera h'ploslnrliya Benth. is also used as a 
dye m Gambia, and as an ear medicine in Tan- 
zania. It is an annual or perennial, almost gla- 
brous herb up to 50 cm tall, with pink, blue or 
white flowfrs slightly smaller than those of 
Buchnera hispida, and it is found throughout 
tropical Africa, often in wet grasslands and 
const nl bushlnnd often on saline soils. 
Buchnera hispida is a facultative hemiparasite; 
when no host plant is available it can flower 
and fruit independently, but with a host its 
growth is better. It requires light for germina- 
tion. Although dark incubation in water before 
illumination is not absolutely necessary for 
germination, in tests it caused the aeeds to 
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respond more rapidly to light. The longer the 
time of the dark incubation the more respon- 
sive the seeds were to light. 

Ecology BitrJincni hispida is a w evi] of cul- 
tivated land which can parasitize roots particu- 
larly of cereal crops, e.g. sorghum, millet and 
maize, but is hardly ever a serious noxious 
weed. It is also found in well-drained grassland 
on sandy soils, often in open woodland, from 
Rea-level up to 1800 m altitude. 

Genetic resources and breeding Biirhnera 
hispida is widespi-ead and not in danger of 
genetic erosion. 

Proapeots Buchiirni hispida as a source of 
dye will vemam. oniy wvy locally of some im- 
portance. Its medicinal {iroperties need further 
investigation for evaluation. 

Major references Rurkill. 20<:)0: Philcox, 1990. 

Other references Ilepper, 1963; Xwoke & 
Okonkwo, 1974; Nwoke & Okonkwo, 1980; Ok- 
onkwo & Nwoke, 1974; Wonp-niii ( 'himkul \op- 
pamas Soonthomchareannon & Urawan Kuang- 
somboom, 2003. 

Authors P.C.M. Jansen 



CAESALPINIA OORIARIA (Jacq.) Willd. 

Protologue Sp. pi. 532 (1799). 
Family Caesalpimaceae (L^minosae - Cae- 
salpinioideae) 

Chromosome number 2ii - 21 
Vernacular names Di\ i-».bvi (ISn). Dividivi (l-'r). 
Origfai and geographic distribution CaesaU 

piiiid coiiariit is nntivc tn troi>ical America and 
the West indies. It has been introduced as an 
ornamental in other tropical regions and some- 
times also for tanning, e.g. in India. In tropical 
Africa it has been recorded from ( Ihana DR 
Congo, Uganda, Tanzania, Mozambique and 
Mauritius, and is very locally naturalized (e.g. 
in Mauritius). 

Uses The pods of Caescdpmia coriaria are 
very rich in tannin and are used in the tanning 
industry. The tan <(ufr from the pods is gener- 
ally vised as a lilcnil tor tMunin^' leather, mixed 
with other tanning materials. Divi-divi is often 
used in rapid drum tanning of light leathers 
and in leather dri'ssin^; Tln' pods art' also used 
to prepare a blackish or bluish dye fur cotton 
and wool and a black ink, used e.g. in the deco- 
ratinn nf traditional potteries and gourds in 
Ontrnl Amerirn. Thoy are sometimes em- 
ployed as a mordant for dyeing vegetable fibres 
with other dyea. In medicine the pods are used 
as an antiperiodic and for dressing sores. The 



wood has been reported as having been used in 
Andhra Pradesh (India) as source of a red dj'e. 
Caesalpinia coriaria is used as an ornamental 
and shade plant aii l iis Ir.ives as a mulch. 

Production and iuteruatioual trade Caesal- 
pinia coriaria has been used in Central Amer- 
ica ff)r many centuries as a tanning material. 
Commercial supplies of divi-divi pods were 
obtained almost entirely from tropical America 
with Venezuela and Colombia as the major 
suppliers Recent figures are not available, but 
m the 1950s annual exports of drj' fruits varied 
from 3000-10,000 t frt>m Venezuela and from 
1000-7500 t from Colombia. India was much 
less important as a producmg country, export- 
ing 150-400 t)year in the 1910s and 19208. The 
largest consumers were the United States and 
Germany The use of divi-divi as a tanning 
material strongly declined after 1950 in favour 
of other vegetable materials and synthetic tan- 
nini: siil ,in<T-.*. 

Properties The pods (without seeds) of Cae- 
talpittia coriaria contain 40-45% tannins com- 
posed of gallotannin and ellat,'itannin8: oori- 
lagin, chebulagic acid and neo-chel)ulagic acid. 
Divi-divi extracts are liable lo deteriorate rap- 
idly; especially in hot climates fermentation 

takes pk-uf^ readily br-caus<' of I be larije amount 
of sugars present; this often results m reddish 
stains in the leather. Divi-divi extracts produce 
a pale coloured leather, which is easily afifected 
by atmnspherir rnndition.s being soft and 
spongy under damp conditions and lackmg 
pliability under diy conditions. Because of 
these disadvantages, divi-divi is usually used 
m mixtures with other tannmg substances. 
When tested in ponds, the tannin from divi-divi 
pods showed algicidal activity. .Aucubin com- 
pounds have been identified. The wood of 
Caeaalpiiiia coriaria is ver>' hard, reddish 
brown. Seeds contain 6-9% of a fixed oil, about 
half of which consists of cycloiiropenoid fatty 
acids, which have carcmogenic properties. 
Oven-dried fruits applied at 2.5 g/1 were 100% 
fffective in roni i nlhn^ the fresh-water snails 
Lyinnnca hi I aula and GyrauUta convexiuaeulua 
within 24-72 h. 

Botany Crooked and spreading small tree, 
usually up to 10 m tall but sometimes much 
taller. Leaves alternate, bipuinate. pinnae in 
3-0 pairs; leaflets in 12-28 pairs per pinna, 
sessile, oblong-linear 4-10 mm x 1—2.5 mm, 
with black dots beneath. Infloresrenee nn axil- 
lary raceme or panicle 2-4 cm long. Flowers 
bisexual, zygomorphic, 5-merous, fragrant; 
sepals free, imbricate, usually unequal, the 
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Caeaalpinia coriaria - 1, flowering and fruiting 
branch; 2, flower. 
Source: PROSEA 

lowest one hood-shaped; petals free, unequal, 
3-^ mm lung, pale yellow, the upper one lliffer- 
ent in shape and size; stamens 10, free, sub- 
equal filaments hniiy nf bnse: ovnn' superior, 
1-celled, style slender, stigma truncate. Fruit 
an indehisoent pod, flexuous and twisted, (2-) 
5—8 cm X 1-3 cm. pale tn !il:i( ki4i l>r(i\vn, 1-10- 
seeded. Seeds ellipsoid or renUbrm, (>— 7 mm 
long, glossy brown. 

The lai^e genus Caesalpinin (about 200 spe- 
cies) is pnntropirni, fho jjreatcr part of the spe- 
cies occurring in South and Central America. 
In tropica] Africa about 26 species are indige- 
nous, natiirali/rrl or cultivated. 

Ecology Caeaalpinia conaria tolerates a 
wide range of soil types and climates. It grows 
on rich day soils and poor sandy soils with pH 
1.0-8.7 anil thrives in dry (warm) lemi>erate 
climates to wet tropical climates with an an- 
nual precipitation of 600 mm up to over 
4000 mm. and a moan annual temperature of 
15— 28*C. In natural conditions in Central and 
South America, it is found in semi-arid, open 
country. Trem an- lepnrted to yield less under 
very moist tropical l onditions than under drier 
conditions. At higher altitudes they do not 
yield well either. 

Management Divi-divi ia propagated by 



seed. In India the seedlings of divi-divi are kept 
in the nurseiy for 9-15 months, and then 
transplanted into the field, usually at the be- 
ginning of the rairn season at distanc-es of 7- 
9 m. During the lirst two years, watermg is 
necessary in the dry season. Mature trees re- 
quire very little care, and forage crops can l)e 
planted between the trees. Trees are relatively 
slow growing and generally commence flower- 
ing 6—7 years after sowing. Full crops of pods 
are produced after about 20 years. Some fungi 
are known to attack divi-divi; Fomea Uicidua, 
Mien^ltM domingmtis and Zignoella eaeaed- 
piniae. The pods of divi-ilivi are collected before 
or after they drop &om the tree. Trees yield 
about 46-136 kg pods per year. Because divi- 
divi ]}ods are curved, they are voluminous, 
which makes transjiort expensive. The pods are 
usually packed in fine mesh bags. The tannins 
can easily be extracted. They are mainly pre- 
sent in the white powden,' tissue ju.st below the 
epidermis of the pod .md this tissue is easily 
collected when the dr\ j oils are ruptured. The 
powder has the drawback of being slightly hy- 
groscopic and should be packed in sealed con- 
tainers. It IS susceptible to rapid deteriuraliun 
but fermentation can be minimized by the use 
of antisepi ic- 

Genetic resources and breeding Caesal- 
piit ia eorutria is widespread and not in danger 
of genetic erosion. Germplasm oollections are 
not known to exist. 

Prospects In Africa Caeaalpinia coriaria is 
not well known as a tannin-produdng plant 
and if IS not likely that it will become important 
in the future. However, the fact that it is a 
source of reasonable quality tanning material, 
eivpecially when uscil m mixtures, and a good 
source of black dye and mk, may offer possibili- 
ties smce sustamable production is possible, the 
part of tiie plant used being the seeded fiuits. 

Major references Boonkerd Na Songkhia 
& Thephuttee, 1991; CSIR, 1950; Duke, 1981. 

Other references Bali, Sawai Singh & Pati, 
198.J Hrenan. 1967; Cardon, 2003; Ibnu Utomo. 
2001: Polhill 1990. 

Sources of illustration Uuonkerd, Na Soog- 
khla & Thephuttee, 1991. 

Authors P.C.AI. Jansen 
Based on PROSEIA 8: Dye and tannin-producmg 
plant& 
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CAESALPiNlASAPFA^J L. 

Protologue Sp. pi. 1: 381 (1753). 

Family ( 'nosalpiniaoeae (Leguminoeae - Cae- 
salpuuoideae) 

Chromosome nmnber 2n = 24 

Vemaeular names SappMinvDinI Indian red- 
wood (En). Sappan, bois de sappan (Fr). Pau de 
sapan (Po). 

Origin and geographic distribution The 

oripin of Cnmalpiiiia sajypaii is not rrrtain, but 
it is Ihuughl to be in the region from central and 
southern India through Afyanmar and Thailand 
to Pcninsulnr Mnlnysin nnd to InHo-rhinn and 
soutlncrn China. It is cultivated and naturalized 
in many parts of the tropics. In Africa it has 
been iccurded from Nigeria 1)R Congo, 
Uganda, Tanzania, Reunion, Mauritius and 
South Africa. 
Uses The wood of Caea<tlpmia sappcm is the 

wond-dyc- that is known to havo boon iisod at a 
large, international scale throughout world 
hi8tor7. Hundreds of tonnes were exported 
annually to the Idamic and Moditorranean 
worlds and Europo from tho .Middle on- 
wards, it remained a major source of red dye 
up to the end of the 19^ o«ntury. It is still used 
for dyeing textiles, but only on a smaller st-ale 
by craftsmen and artists. Silii, wool, cotton, 
matting and basket fibres can be dyed red with 
it and it is also used occasionally to colour food. 
The wood is pmund into n ronrso powder, mois- 
tened with water and allowed to ferment for a 
few weeks to increase the colouring power of 
the dye. The fermented woo<l is boiled in water 
The dye liquor may be used immediately or 
evaporated to be commercialised as a dry solu- 
ble extract which can be stored for future use. 
The mordants used (e.g. aluminium acetate 
stannic salts, oxalic acid) determine the linul 
colour of the cloth, which can vary from shades 
of rod to pink vidlot and brown. Sometimes tho 
dye is used in combmations, for instance on top 
of a blue indigo dye-bath for purple colours and 
with turmeric and iron sulphate to produce a 
rich maroon The dye can also be extracted 
with alcohol and other organic solvents. A few 
drops of wood extract in drinking water is con- 
sidcrod refreshing, due to the fragrance and 
colour It imparts. 

The fruits contain tannin and were used in the 
past to prepare n black dye in combination 
with an iron mordant. Tho wood has been used 
in cabinet -making since mediaeval times, espe- 
cially for inlay decoration. It also is a good 
source of firewood Ceieaalpuua mppmi is often 



planted as a living fence and ornamental. Ow- 
ing to its easy growth and dense growth habit, 
it is used for defining the boundaries of land 
and for jtrotecting plantations against grazing 
animals. The leaves can be used to hasten rip- 
ening of fruits such as bananas and mangoes. 
Sappanwood is also used in the traditional 
medicines of various Asiatic countries (India, 
Vietnam, C%ina, Japan). A decoction or infu- 
sion of the heartwood is generally considered a 
strong emmenapopiie and astringent. It is also 
used to cure wounds (also with a plaster of 
macerated leaves and baik), tuberculosis, diar- 
rhoea and dysentery and is reported as having 
antio.vidative, anti-inflammator>', hepatqprotec- 
tive, cytotoxic, hypoglycaemic and xanthine 
oxidase-inhibitozy activities. "Hie seeds serve as 
a sedative. 

Properties The mam exlraclable compo- 
nent, called sappanin, amounts to 20% of the 

ovcn-diy weight of the heartwood. Tho main 
dye component in the heartwood of Caesalpinia 
Mijijiiin is brazilin. also present in brazilwood 
(Caesalpiiiia cchiiiata Lam.). Brazilin is a 
weakly coloured product, which easily oxidises 
to give the deep red pigment brazilein, natural 
red number 24 and djre number 76280 of the 

Colour Index, Scleral othoi- phonf)lic com- 
pounds have also been isolated from the 
heartwood and contribute to the dye properties 
of the wood: mo.stly 3'-0-methyIbrazilin and ot her 
homoisoflavonoids (sappanol and methyldori- 
vates, episappanol and derivates, sappanones A 
and B), various dibenzoxodns ^rotosappanins A, 
B and C) and a dimeric methanodibenzoxocinone 
neosappanone A. The majority of these com- 
pounds are transformed into brazilin hy heating, 
in the weak acidic or basic media resulting from 
the current dyo-extraction processes. In tests, 
brazilin had a positive effect on the immune 
functions in the early phase of halothane intoxi- 

cnted mice and had a hypeiglyraemic action and 
increased glucose metabohsm in animals pre- 
senting experimentally induced diabetis. A de- 
ooction of the wood showed antibiotic activity 
against Stdphylocin-riis. S<ili)i()ii<'llii tv/ihi. Shi- 
gella flexneii, Shigella dysenteriae and JiaciUtis 
jubit^is. An extract of Caesalpinia sappan was 
found to bo a potent agent for inact i\-at ing hu- 
man sperm m vitro; about 2.5 mg/ml is required 
to reduce motihty to 50%. 

The stem and leaves contain alkaloids and 
tannins, abundant saponin and phytostei-ol. 
The fruits contain c. 10% tannin, which is suit- 
able for the production oi light leather goods. 
Freshly cut sappanwood is pale orange in col- 
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our. The colour deepens to dark red upon pro- 
longed exposure to sunlight or air. Prolongod 
boiling intensifies the colour of thv <iy( Tin- 
<riji\v(Hirl ring is very narrow and pale, the 
heart wood malces up to 90% of the total vol- 
ume. The pith is distinct and yellowish. The 
growth rings are distinct, The wood is straight 
grained with a fine to moderately fine texture, 
fairly heavy (600-780 kg/m^), hard and lus- 
trous. It is diffi<-ult to dry and is sus<-ei)tible to 
warpinp and collapse hut moderately easy to 
work; it takes a high linish, and is tough and 
resistant to termite attack. The energy value is 
about 2.").000 kJ/kg. 

Botany Shrubby tree up to 10 m tail; trunk 
up to 14 cm in diameter, bark with distinct 
ridges and many prickles, greyish brown; 
young twigs and Inids hairy, brownish. Leaves 
stipulate, bipinnate, up to 60 cm lung, with 8— 
16 pairs of pinnae; pinnae with prickles at the 

base and with U)-20 pairs of sessil«> leaflets; 
leaflets oblong, 1-2 cm x 0.5-1 cm, veiy oblique 
at base, rounded to emarginate at apex. Inflo- 
rescence an axillarj' or terminal panicle or ra- 
ceme 10-40 cm long. Flowers bisexual slightly 
zygomorphic, 5-merous, 2—2.5 cm wide when 




Caesalpinia sappan - flouenng and fmiting 
branch. 

Soujve: PROSEA 



open, yellow; sepals glabrous; petals pubescent, 
the superior one smaller; stamens 10, fila- 
ments woolly-haizy in the lower half; ovary 
su])erior. pubeso-nt. 1-tvlled. Fruit a dehiscent 
pod, cylmdiucal-obovate, 7-9 cm x 3—1 cm, 
strongly flattened, shiny and glabrous with 
curved beak at apex, yellowish green when 
young, maturing to reddish brown, 2^-aeeded. 
Seeds ellipsoid, flattened, 18-20 mm x 10- 
12 mm, brown. 

The large genus Caesnlpinta (about '200 spe- 
cies) is pantropical, the greater part of the spe- 
cies occurring in South and Central America. 
In tropical Africa about 2" species are indige- 
nous, naturalized or cultivated. 
Initially sappanwood grows straight but after 
ha\ ing attained a height of about 2.5 m, the 
branches start to droop and entwine with the 
branches of nearby trees to form thickets, gen- 
erally free from undergrowth. After the tree is 
felled the stumfi s|jrouis jirofusely within two 
weeks. Flowering caxx occur after one year of 
growth. Flowering is usually in the rainy sea- 
s<in I'l Lilting about G months later. 

Ecology I nder natural conditions Cucsal- 
piaia sappan grows mostly in hilly areas with 
clayey soil and calcareous rocks at low and 
medium altitudes. It does not tolerate too wet 
soil eon dil ions. Sappanwood tolerates an an- 
nual lu t ( ipitatiou of 700-4300 mm, a mean 
annual temperature of 24-28*C and a soil pH 
of 5-7.5 

Management Sappanwood can be propa- 
gated by seed and renewed by coppicing. Usu- 
ally matuif pods burst o|)en in the dr\ scMson 
and scatter the seeds, which remain dormant 
until the start of the rainy season. Seeds ger- 
minal (> immediately if enough moisture is 
available. The germination rate is enhanced to 
about 90% by dipping the seeds into boding 
water fat 5 seooiida Usually the plants are 
grown in the shade of trees in the forest or in 
forest borders. 

No serious diseases and pests have been re- 
ported, although fungi such as Auiieularia 

aiiririit't-}ii(hic (the ediliie .Judas ear mush- 
room) and Meliolu caesalpiiiiae can attack ihe 
trees. For use as a dyewood the tree must be 
han'ested eveiy H— 8 years, to allow the heart- 
wood to become fullj- developed; for firewood it 
may be harvested every 3—1 years when the 
trunk has attained a diameter of 5-6 cm. The 
tree is rut about 1 ni above the ground to allow 
sprouts to grow from the stump, fiarvesting is 
done manually with a machete; prickles are 
easily removed by brushing with the blimt edge 
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of the machete. 

Genetic resources and Inreeduig CaeaaJpima 
aappan is widely planted and not in danger of 

jjonctic erosiotv 

Prospects A big scale revival of the use of 
sappanwood as a dye source for the textile in- 
dustrj' wiU probably iiol li;(}ii>en in the imme- 
diate fiiture since synthetic dyes are still 
cheaper to produce, often brighter, and the best 
ones can compete with natural dyes T ) li;;ht 
and washinti fastness. Howevor nntuial dyes 
may regain some of their former importance 
because of environmental and toxicity prob- 
lems connected with the production and use of 
synthetic dyes, and the gradual exhaustion of 
the fiMsil materials synthetic dyes are made 
from. Sappanwood would then provide a re- 
new : 1 1 1 1 ' ■ 'idurce ol' ttilorant . nut only in the tex- 
tile and baslvet-weaving crafts but also in the 
food, cosmetic and pharmaceutical industries. 

Sappnnwocid may have oven botter pi-ospcrls ns 
a medicinal plant, and will go on being valued 
for its beautifol wood in cabinet-making as well 
as a source of fiielwood with high energy value. 

Major references Zeirudo. 1991. 

Other references Cardun, 2(J03; Choi et al., 
1997; Duke. 1981; Fuke et al, 1985; GSurib- 
Fakim nucho & Rissoondoyal, liiDH; Ibnu 
Utomo, 2UU1; Oh et al., 1998; Polhdl, 199U; Shih 
etal.. 1990; Viaux-I>ocquin, 1997; Zerrudo. 1985. 

Sources of illustratioil Zemido, 199L 

Authors P. CM. Jansen 
Based on PROSEA 3: Dye and t aiuun-pmducmg 
plants. 

CERIOPS TAGAL (Perr.) C.B.Roh. 

Protologue Philipp. Joum. Sci., Bot. 3: 306 

(1908). 
FwBBily Rhizophoraceae 

Chromosome number 2;; - 

Synonyms Ceriops caudolleana Arn. (1838), 
Centra boivianiana Tul. (1856). 

Venuumlar names Yellow manunn (>. spuri-ed 
mangrove (En). Tenuar (Fr). Manual mdiano 
(Po). Mkandaa, mkandaa ya pwani, mkoku 
mkandala, mkoko mwekundu (Sw). 

Origin and geographic distribution If is nut 
known where Cerivps lagal originated but it is 
now widespread and common on coasts from 
rnstrrn Africa and Iho Indian < ii , .m islands to 
the Indian subconfincnt and IVnm thorn 
through tropical Asia to Australia and the Pa- 
cific. In A£nca it extends as far north as the 
gulf of Sues in Egjnot (28*N) and the gulf of 




Ceriopa lagal - wild 

Aqaba in Jordan (30*N). In eastern Afinca it 

orriirs .mIdhp the const of Erifron south fo Kosi 
Bay in South A&ica. Extensive stands of 
Ceriops lagal occur in Maputo Bay in soutiiem 
Mozambique (2<i''S) and it also occurs in the 
Indian Ocean Islands. 

Uses The stem bark of Ceriopa lagal is used 
for dyeing and tanning in eastern Africa and 
.\sia. In fishinsi ctimmiinities nets and sails are 
treated with a bark extract to preserve them 
from decay. In South-East Asia, the bark is a 
major ingredient for tiie famous 'soga browns' 
of flavanesf batilcs. 

In Africa Ceriops iagal provides poles and 
planks for house building, small planks for 
boat building including paddles and oars and 
fishing stakes. For house buildmg it is pre- 
ferred by many communities (e.g. the Giriama 
people in Kenya) because it grows long and 
straight and is suitable for makinp wattlework 
for walls and roofs. Communities Uvmg along 
the East Afiican coast and islands also use it 

as a medium-quality cnnimiTcial firewood In 
some cases it is converted to charcoal, mainly 
fiDm mangrove forests dose to urt>an centres. 
The wood has been used as a source of pulp. An 
extract of the l)ark is used as a binder for par- 
ticle board. Numerous applications in tradi- 
tional medicine have been reported. The bark 
is used in lotions to treat mnlignnnf ulcers and 
abdominal ailments in Malaysia, and m the 
Hiilippines the bark is applied to cure diabe- 
tes. In general, bark extracts are used as an 
astringent, haemostatic and qviinine substitute 
to cure malaria. 

Production and international trade In gen- 
eral, mangrove forests are of ocmaiderable 
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commercial vnluo nnd thry have been exploited 
for a long time along the East African coasts. 
Wood for ceilings, roofs and building imiIcs 
(called lioriti' in Swahili) nrv sold in the Per- 
sian Gulf and Red Sea, providing a ver;j' profit- 
able trade. 

Properties The tannin ci intent of Ceriops 
tagal bark can vary considerably, from 13% to 
over 40%, a common and notable feature of 
mangrove barks The tannins belong to the 
group of ronriensed tnTinins <jf ihi- ju-iu ynnidin 
type, the reason why djemg with the bark 
gives reddish-brown colours. The leaves con- 
tain less tannin, about 15%, liark from t\vit,'>> 
26-^1%. In India solid block extracts contain- 
ing 68% tannin and 16% moiature, and powder 
extracts containing 76% tannin and 5% mois- 
ture, have been prepared for use in the tanning 
industty. 

The sapwood is usually poorly defined, the 

heart wood is orange when fre.shly cut but 
turns yellowish-brown or sometimes even red 
on exposure. The wood is heavy with an aver- 
age density of 960 kg/m^ at 15% moisture con- 
tent. It is moderately durable but in contact 
with the ground it decays in about 2 years. The 
timber is not resistant to marine borers. Sea- 

-iincfj wood is comparatively resistant to split- 
Img un shock and it is thus suitable fur tool 
handles. 

Adultexvinms and substitutes Th< b;iils 

of other mangrove trees is similarly used for 
tanning, timber and firewood, e.g. Bmgiiiera 
gymnorhiza (L.) Savigny and Rhist^hora 
Ifiiirronitid Pnir 

Description (Jlabrous shrub or small tree 
up to 6 m tall (exceptionally up to 40 m tall 
with bole up to 40 cm in diameter) with grey to 
red-brown .sometimes deeply fissured bark; 
i-oot system with some deeply descending roots 
and superficial roots radiating from trunk, 
with knee roots nr pneiimntophores; branches 
with elliptical to circular scars of the petioles of 
fallen leaves and annular scars of fallen stip- 
ules. Leaves decussately opposite, clustered at 
the end of twigs, simple and entire: stipules 
lanceolate, up to 2.5 cm long, deciduous; petiole 
1-3.6 cm long; blade elliptical to oblong or 
olio\-.ite 1-12 em X 2— 7. .5 cm, base cuneate, 
apex rounded to retuse, leathery, pinnately 
veined but veins usually indistinct. Inilores- 

CeiK ^ s .in axillary condensed CJ'me, up tO 10- 
flowered; peduncle up to l.o cm long. ver\- 
shortly or obsoletely 2-3-forked at apex. Flow- 
ers bisexual, regular, 5-merous, sessile, with 
cupular bracts at base; caljrx fleshy, reddish 




Ceriopa tagal - 1, flowering branch; 2, flower 

ulth front sepals and ppinls removed; 3, firuU 
with protiuding hypocotyL. 
Source: PROSEA 

linAvn with tube c 2 n mm long and triangular 
or ovate-triangular lobes c. 5 mm long, acute at 
apex; petals often cohering a little below the 
middle by the hooked-hairy margins, while or 
cream, oblong or obovate-oblong c -! mm x 2 
mm, apex truncate with 3 dub-shaped, glandu- 
lar appendag(>s; disk composed of 6 separate, 2- 
lobed elements; stamens 10, filaments filiform, 
3-1 mm long, white, anthers much sliorter, 
explosively dehiaoent; ovaty semi-iniimor, 

ovoid, .3-ceIled style simple thickened at base. 
Fruit an ovoid indehiscent berify 1.5-2.5 cm 
long, with persistent reflexed ca^ lobes, usu- 
ally 1 -seeded. Seed germinating on the plant; 
hypocotyl cliili-shafietl up in cm lonu 
rounded to sharply longiludinally ridged and 
sharply pointed. 

Other botanical information Ceriops com- 
prises 2 species. Ceriopa decaiidm (Grill) Dmg 
Hou is found in tropical Asia and is vegeta- 
tivdy ■itwiliir to Ceriops tagal, but has shorter 
inflorescences and hypocotyl Ceriops lagal 
may occur mterniingled with other mangrove 
trees such as Bmguiera, Rhizophora and Jfylo- 
eeupus spades, but it is easily diatinguiahed by 
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its glossy grpf'n, rounded (never pointed or 
apiculate) leaves, flattened buds, slender, com- 
paratively short and ridged hypocotjrls, and 
comptiratively pale bark 

Anatomy Wood-anatomical description: 
- Macroscopic diaracters: 

Ileartwood brown to ri'd with orans'' hues, 
without streaks, distinctly or mdistmctly 
demarcated from the pale yellow sapwood. 
Grain straight. Texture very fine. (Growth 
rinijs inrnnspiruous; vessels only visible with 
a hand lens, usually in radial multiples of 2- 
6, sometimes solitaiy; parenchyma visible 
with a hand lens as narrow sheaths to the 
vessels, winglike and confluent, or absent; 
rays not vinble to the naked eye, usually as 
wide as or slightly wider than vessels; ty- 
loses present (^r .-iliscnt 

Growth and development The seed ger- 
minates while the fruit is still attached to the 

plant nnd licvclrijis a massivo hypocfityl which 
contains the food reserve for the seedling. The 
hypocotyl hangs down from the fiiiit with the 
true root at the end. The root has small out- 
growths which are the bramli routs all ready 
to grow out. The plumule too is well-developed, 
but is enclosed in a sheath holding it in the 

fruit until Ihr -^I'odling drops from the tree. 
Seedlmgs fall like a dart to lodge upright in 
soft mud into which th( y iienetrate to some 
depth. They become anchored by the outgrowth 
of (hi» branch roots and so have n pood chance 
of retainmg a hold m the scour of the tide. The 
seedling is buoyant and if it does not stidc in 

the mud when' it droi>s bocaiise of a hi^h tide 
or for some other reason, it may be transported 
by water. The seedling becomes established 
quite (juickly. Upward ijrowth carrjing the 
seedling leaves abo\-o the level of the flriod tide 
is ver:j' rapid and growth may be as much as 60 
cm in 24 hours. Later the growth rate declines 
and seedling develo]>mont can lake a year. 
Seedlings are unbranched initially, and later 
branching is continuous or intermittent, de- 
pendm^' on the vigour of the plant. In seasonal 
climates flowerini; is during the summer: from 
Kenya to .Mozambique it occurs mainly from 
November to March. Flowers open mostly in 
the e\ i nini: am! i-emain open the following day, 
emitting a faint but fi'agrant odour. Pollination 
is probably by night-flying insects, although 
bees also visit the flowers at daviime. Pollen 
release is explosive and is triggered by deli- 
cately touching the petals, which each hold a 
stamen pair. 
Ecology Ceriopa tagfd grows in saline creeks 



and mud flats just above sea-level, where pH 
ranges from 6 to 8.5, temperature from 20''C to 
26*C and average annual rainfall from 7.50 mm 
to inno mm, Tyi>ically it oecui>ies sites i>f the 
inner mangrove. There floodmg with salt water 
is often infrefiuent, while soil salinity may be 
high due to evapoiatmn, Cnder these circum- 
stances Ceriopa lagaL may form pure stands. In 
Africa it occurs as a distinct zone along creeks, 
just landward of the RItizopliora itiucrmuMta 
zone If oci-iirring in seaward areas it is goner- 
ally found behind Sonaeratia alba Sm., 
Avicennia marina (Porssk.) Vierh. and Rhizo- 
pliant imicrnit'ild. Sometimes it is found along 
smaller channels in mudd^' sea shores which 
have sandy banks and receive less freeh water, 
or in intertidal mud flats and estuaries. It may 
also grow on firequently flooded fossil coral 
rock. 

Propagatton and planting Cetvtpa tagal 

can be propagated by planting seedlings or pneu- 
matophores. Unlike in other Eluztjpiioraceae, tiie 
seedlings are small and deKcate and should be 
collected and transpoi-ted to the planting areas 
with care. Seeillmgs do not tolerate excessive desic- 
cation, but they establish quickly. Cut stems do 
not resprout. Natural regeneration of Ceriops 

Iniial is veiy successfid and where it grows 
additional planting is usually not needed. 

Diseases and pests Ceriopa tagal is often 
attadced by some mistletoes. Many herbivores 
are discouraged by the high tannin content. 
Crabs feed on the seedlings. Monkeys such as 
Sykes monkey (Cercopithieus mitia) cause a 
minor damage by uprooting seedlings, Occo- 
pliylia ants are common on Ceriopa tagal 
leaves and other mangrove species in Austra- 
lia. They f(>ed on SUgar secretions of ooccid 
bugs that suck mangrove sap. Orrnphylln ants 
have also been obsei-ved on mangroves at In- 
haca Island in southern Mozambique. 

Harvesting There is no particular season 
for harvesting the bark. When harvested for 
firewood, trees are often killed by indiscrimi- 
n iie lopping of branches. 

Handling after harvest Vur tanning pur- 
poses the bark of older Ceriops tagal trees is 
preferred because the tannin content increases 

with age. The baik is peeled off and may be 
used directl>% but in India tanning extracts 
may be prepared from it, and marketed as 
blodcs or powder, ("eriops tagal bark is often 
used in a mixture of bark from several man- 
grove species prepared for a tanning extract. 
In central Java the fine 's4^a-batik' is still 
made using vegetable dyea, although on a 
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small scale. Tho bark of Ceriops lagal, usually 
called tingi . is one of the ingredients of the 
traditional dye-reeipes. together with the wood 
of Marlitra cocliiiicJiiin'ii.fis (Lour,) (^mier and 
the bark of PeUophomnt plerocarpum (DC.) 
Backer ex K.H^sme. Depending on various pro- 
port ions of the ingredients, cotton rlolli is dyed 
yellowish to brownish shades in traditional 
patterns, in a process which often takes several 
weeks. After the c|yeing pnx-ess, a fixing balh 
cot-it nininp lime ?iii<j,'ir .-inil tr;iili(ji)n;illy also 
alum and flower buds of Sophora japoiiica L. or 
borax, palm molasses, ahim, annatto and 
lemon juice is necessary ti> make the colours 
more fast and bright. Using this dyeing proc- 
ess, warm yellowiah-brown ooIoutb, gradually 
shading off into one another, are given to the 
cotton cloth. These effects cannot be achieved 
when using synthetic dyes. Top-dyeing with 
soga-dye of textiles or parts of textiles already 
dyed with ind^ produoea shades of purple and 
black. 

Genetic resources Ceriops tagal is wide- 
spread and not yet in direct danger of genetic 
erosion. In eastern tropical Africa, including 
the Indian Ocean islands, about 10,000 km- 
mangrove vegetation is present. Tanzania, 
Moznmbi<iiif ;m<l Xfadagasrar are the rounlrios 
with largest mangrove areas. About 25 areas 
are protected, but in many regions mangroves 
are threatened. Th^ are over-exploited for 
timber or are rlonrod to make way for rice or 
shrimp farms, salt pans and urban develop- 
ment. These ecologically important habitats 
are also threatened by untreated waste dis- 
charged into rivers, industrial pollution and 
pesticides contained in run-off from farms. 
Dams constructed in rivers that flow into man- 
grove habitats have decreased the flow of water 
causmg the salt content to increase to unnatu- 
rally high levels. Mangroves are also vubier- 

able to nntiiral stresses surh as river floods 
deposition of sand and sediments, and rising 
sea levels. The decline of mangrove forests 
along the East African coast is mainh due to to 
OVer<xploitat ion tor ch.Mrcoal, firewood tirnhcr. 
dyeing and lannmg niulerials without replant- 
ing. All these issues should be included in fu- 
ture mangrove management and reforestation 
plans. 

Pxoepects Management policies have been 
introduced to control and prohibit destruction 

of mangrove forests but there are few or no 
means available for their implementation. 
Ther^re, stricter local governmental r^ula- 
tions and their enfbroemait are necessary for 



the protection of mangroves, while at the same 
time involvement of local commimities in sus- 
tainable management and protection of the 
ni .■Ills.; rove forests is essential r»nly under siuh 
conditions can the use of the bark of Ceriops 
tagal and other mangrove species for dyeing 
and tanning be recommended as a truly re- 
newable resource. 

Major references Barbosa, Cuambe & 
Bandeira, 2001 ; Cardon, 2003; CSTR, 1950; 
Dahdouh-C.uebas ot n\ 2000- Diop (Rdilor), 
1993; Hogarth, 1999; Hughes & Sukardjo, 
1991; Kairoet al., 2002; Tomlinson, 1986. 

Other references Bandaianayake. 1998; 
lialk (Editor), 1995; Lewis, 1956; Lind & Mor- 
rison, 1974; Mwangi Theuri, Kinyamario & 
Van Speybroeck, 1999; National Academy of 
Sciences 1980; Perry 1980; Richter & Dall- 
wilz, 2000a; Taylor, liavilious & Green, 2003; 
Torre & Gkmcalves, 1978; Watt & Breyer- 

Brandwijk. VMVl \W\U: I9«:5l). 

Sources of illustration Hughes & Sukardjo, 
1991. 

Authors B.K. Maundu & S.O. Bandeira 



GOCHLOSPERMUM UNCTOSIUM Perr. ex 
A.Rich. 

Protologue Fl. Soieg. tent. 1(3): 99, t. 21 

(1831). 

Family C ot -h 1 r. s p i ■ r m a ce a e 

Chromosome number 2/< = 12 

Origin and geographic distzibution Cochlo- 

aperDiinn tliirfni-inni is found &om Senegal to 
southern Sudan and Uganda. 

Uses The rootstock of Cochhspermum tific- 
loriuin is collected from the wild and yields a 
brown-yellow dye, used for dyeing cloth (cxjt- 
ton), thread, mats, basketware and ornaments, 
and rarely also leather. The fresh or dried root- 

stocl^- may be pulverized and pounded into a 
paste that is rubbed onto the article to be dyed; 
it may also be crushed, mixed with ash and 
boiled with the article to be dj'ed. Several col- 
ours can be obtained by the use of mordants 
(e.g. Shiga asialica (L.) Ivuntze) or by the addi- 
tion of indigo. In C6te dlvoire, the Baoule peo- 
ple add lemon juice to the dye-lmth to improve 
the fastness of the dye. In Cameroon a yellow 
facial mask is made from the powdered root- 
stock mixed with water. The dyi is .iIs j used to 
colour shea butter and cooking oil to which it 
possibly also imparts some flavour. Such butter 
and oil is said to stain the mouth and to cure 
bums. Unripe fruits are eaten by hunters to 
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allay thirst. Thr floss of the fnjit can be used to 
stuff cushions or, as is done in Togo, it is spun 
into necklace cords. The young stem bark also 
yields ;i useful filire. In traditional medicine, 
the yellow rootstock is one of the most re- 
spected medicmes in West Afirica for jaundice 
and liver diseases. It is also applied to cure 
oedema, urethral discharge, dysmenorrhoea, 
epilepsy, schistosomiasis, pneumonia, bron- 
chial alTcil ions, conjunctivitis, gastric proh- 
lems, dir)rrh<i<'a indigestion stntiiach-achc and 
skin infections. In Burkina Faso an extract of 
the rootstock is taken against malaria. In Ni- 
geria a concoction of the fruits with tamarind 
Iruits is drunk to cure snakebites, and in Cote 
dlvoire and Burkina Faso powdered rootstodc 
is applied topically. In Cote d'lvoire pulped 
leaves are used in a wet dressing to maturate 
abscesses and furuncles and a decoction of the 
twigs or rootstodc is drunk or used in a bath to 
treat urino-genital disorders, kidney pain or 
pain between the ribs. The body is washed with 
a water extract of the rootstodc to cure skin 
diseases an l .is in-ophylaxis. In Nigeria the 
rootstock is also chewed as a tonic. The root- 
stock is also extensively used in veterinary 
medicine. Seed oil is used to treat leprosy. Its 
decorative flowers make the plant a potential 
ornamental. 

Productkm and inteniatfoual trade There 
is some export of the dye of Coekloajpermum 
tinclnn'ii III from (Jhana 

Properties The rootstock of Cochlosijeniiiiin 
tuietorium is rich in carotenoids that are the 
yellow piuiiK nts of the dye stuff; the rootstock 
also uonUims much mucUage, sugar, acetogenins, 
tannins (gallic add ellagic add and ellagitannin), 
essential oils (alcohols. 3-hexadrcanon(*), arjunolic 
add and pnjli,ilily some alkaloid. The aj^ocaivito- 
noids cocliloxcuitiim and dihj'drooochloxanthui 
showed mtimicmbial activity against Candida 

alhiraii.t. A.fprn^i'nti.i fumi^ahis. Sfrtphyhrnrriis 
aumis and Escherichia coli, but onlj' at high 
concentrations. A methanolic rootstodc extract 
showed antibacterial activity against some 
bacteria whiih are responsil)!e lor skin ilis- 
eases. The tannins showed a remarkable anli- 
hepatotoxic activity and particularly gallic add 
inhibits the production of oxygen-freo radicals in 
leucocytes. An ethanol extract of the rootstock 
showed a pronounced antiplasmodial activity 
(1-2 Ms/ml), with 3-O-E-pH90umaroylalphitohc 
add as the most active compound. Leaf extracts 
showed moderate antiplasmodial activity. Tests 
on mice showed that arjunohc add isolated from 
the rootatodc has considerable inhibitoiy efifiects 



on skin tumour promoters. The leaves and 
shoots of Cochlosperinum tiiictorium are possi- 
bly toxic Ix'cause it is said that cattle will not 
u'f i.'i \h< pliinl even in times of shortage. 

Botany Subshrub up to 80 cm tail with 
woody subterranean rootstodc producing an- 
nual shoots, Lejives alternate, palmately (3-)5- 
lobed; stipules linear, caducous; petiole 3-6 cm 
long; blade in outline 2-12 cm x 2-lQ cm, lobes 
lanc(H)]ate to oblong, basally connate for up to 

1/4 of their length margins entire to serrate, 
glabrescent to pubescent below. Inflorescence a 
few-flowered panicle or raceme, usually pro- 
duced at ground level from the rootstock some- 
times appearing on top of leafy shoots. Flowers 
bisexual, regular, 6-meroua, 6-9 cm in diame- 
ter; pedicel 1.5-4 em long; sepals elliptical- 
oblong. 1-1. .3 cm X 0.5-1 cm. velvety outside; 
petals obovate, 2.5—4 cm x 2—3 cm, shallowly 
emarginate, golden-yellow; stamens numerous, 

free: owiry superior, usually wnolly style sim- 
ple, slender, stigma small. Fruit a fusiform or 
obovoid capsule 4-6 cm x 2.5 cm, slightly 
ridged, brown, grey or black, many-seeded. 
Seeds reniform, c. 5 mm long densely covered 
with long white to yellowish hairs. 
CoehtiMpennaeeae is a small family, related to 

Bixareae. and comjirismg 1." sjiecies in 2 gen- 
era. Cochlosperinum comprises 12 species, 5 of 
these occurring wild in Africa. The roots of the 
African species Cochlospermuin !//'i,'i'/c/i.sc WeKv. 
ex Oliv. and Cnrlilnsptvnnim plaiiclionii Hook.f. 
and of the American spedes Cochlospermuin 
regaun (Sdirank) Pilg. and Coehlo^>emmm viti- 
foliiini (Willd ) Spi>>ng yield a yell'nv dye which is 
used siimlarly to the dye of Cochloaperinum liiic- 
torium. Vcie leaf shape in Cochlo^rmum tineto- 
rutin is variable^ sometimes causing confusicm 
with Corhlnsiirninnii iiiltvmt^iiiiii Mildlir. from 
the Central Afi'ican Republic. Annual leafy 
shoots are produced from the rootstock in the 
rainy season. Flowering is in the (\r\- s( ason 
after the savanna burns, and the &uits are ripe 
about one month after flowering. The flowers 
are usually produced near ground level, hut in 
southern Sudan anil Uganda they are often 
borne on lop of lealy shoots. 

Ecology Cochlosperinum linetoriutn occurs 
in Hrj" savanna preferring devastated, rocky 
and annual!}' burnt regions, at 300-1500 m 
altitude. 

GoMtic resouroM and breeding Cochlo- 
spermtim liiirtoiiiim is widespread and does 
not seem to be m danger of genetic erosion. 

Prospects Coehlospermum tiiictorium will 
remain locally an important dye plant. Its in- 
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tcrcsting medicinal properties may make it a 
valuable medicinal plant of much wider impor- 
tance. 

Major references lUirkill. 198."): Ikirkill. 
2000; Neuwmger, 1996; i'oppendieck, 1980; 
Silva et al, 1996. 

Other references Benoit et al.. 1995; Be- 
noit-Vical et al., 1999; Benoit-Vical et al., 2001; 
Bisignano et al., 1996; Diallo et al., 1989; Dial- 
!o et al., 1995; Diallo et nl., 1991; Miege, 1992; 
Nacoulmn-Oiiedraogo & Millogo-Rasolodimby. 
2002; Verdcourt, 1975a; Zederkopff-Ballin et 
al., 2002. 

Aufliors P.C.M. Jansen 



COMBRETUM GLUTINOSUH Perr. ex DC. 

Protologue Prodr. 3: 21 (1828). 

FamJly Combretaceae 

Chromosome number 2ft — 26 

Synonyms Combretum paaaargei Engl. & 
Diels (1899), Combretum reliebim (Aubrev.) 
Hutch. ftDalziel (1927). 

Vernacular names Bois d'elephant, diigom- 
mier (1* r). 

Origin mnd geographic disiaribniion Com- 

htetuiii ghitiuoHuin is widespread all over West 
Al'rica and extends to Sudan. 

Uaea In West Africa, particularly from Sene- 
gal to Cote d'lvoire, the leaves, stems and root 
bark of Cniiihrrtiitii i^hifinn.vim collected from 
the wild, are important sources of yellow to 
brownish yellow djres for cotton textiles. In 
Buriiina Faso. Benin and Xiyeria, these dyes 
are also used to dye leather and mats made of 
various vegetable fibres. The main importance of 
Coinbrelum glutiiiosuni (called 'cangara bilen' in 
Bi)m;in;inkan Mali) however is in the prejiMr.-i- 
tion of the internationally renowned bogolaniini 
or 'bogolan' textfles fmuddoOi') of Mali, where 
oUier fannin-ri<'h {ilants are also used, depend- 
ing on the local resources and traditions. Com- 
6reti/m glutUiomm is mudi used in the Be- 
I^dougou region, north of Bamako. The black 
designs of liogohin are olitained by the reaction 
uf plant tannins with iron salts contained in 
local fermented mud. While the basic process of 
making black dyes w ith tannin-plants nn<\ mor- 
danting with iron-rich mud has been known all 
over the world and is still very mudi used in 
other parts of Afiica for barkcloth and vegeta- 
ble fibres the special art of bogolan originally 
belongs to the women of several peoples of the 
Mande group: Bamanan, Dogon, Malinke, 
Minianka, Bobo and Senoufb. Formerly it was 
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used to decorate garments for special groups of 

people and special occasions, impartint: 1h<ni 
symbolic protective and curative powers, but 
recently these cloths have attracted the atten- 
tion of the international fashion world. Malian 
artists and fashion designers have adapted 
techniques and designs, generating an increas- 
ing worldwide demand. 

Cnnihn-tii III i^hitinosuni is also used in indigo 
dyeing; from Senegal to Nigeria, the wood ash 
is particularly appreciated to maintain the 
indigo vat at the optimum alkaline pH. 
The fresh young leaves though bitter-tasting, 
are occasionally eaten as a vegetable, in Sene- 
gal together with taro (Colocasia eaeulmta (L.) 
Sehott). and furnish a useful forage relished by 
all stock m the Sahel zone. The wood is yellow- 
ish, hard and very durable and is used in house 
construction, for tool handles and as firewood. 
Tn Xigeria smoke of the wood is used for fumi- 
gation and as an incense. In traditional medi- 
cine Combretum glutinoaum is highly valued. A 
decoction or infusion of the leaves, bark or 
fruits is verj' popular, mainly to treat urinary, 
liver and kidney complaints, but also all kinds 
of respiratory problems, fevers, intestinal com- 
plaints and to clean wounds and sores. 
Crushed or dry powdered leaves or bark are 
used as a dressing on wounds. The Maninka 

people take a leaf decoction in baths and by 
draught against general fatigue. In Senegal the 
gum of the bark is used to fill the cavity of a 
carious tooth. Youni: shoots and roots are be- 
lje\ ed to have aphrodisiac properties. 

Production and international trade The 
increased interest and demand has made bogo- 
lan production an important economic activity 
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with centres spreading from Mali to neighbour- 
ing countries, and with international markets, 
mostly in Europe and the United States. Wood 
!isli iVdin Cditihretum gltifiiiosinn. widely used 
m indigo dyemg, is traded for this use both at 
regional and international scale but statistics 

nrv not ;iv;iilMl)Ij' 

Properties GalUc acid, eilagic acid, flavon- 
old glycosides and 4 tannins have been isolated 
from the leaves of Combreliim glulinosum. The 
tannins n ro 2 - ( S i • It ■ \ : i li y H roxy diphon n\-l - D- 
glucose, punicalm, punicalagin and combreglu- 
tinin. The bogolan process is based on the reac- 
tion of the tannins with th<> suluble iron com- 
pounds presoit in the fermented mud, result- 
ing in a blade colour. In traditional bogolan, 
mud is ap})lied everjrwhere, leaving only the 
fine lines of'thi" designs mud-free resulting in a 
yellow ish design on a black ground. The yellow 
colour imparted to the cotton cloth by the mix- 
ture of flnvnnoids nnd tnnnins present in the 
dye bath is later bleached, which was achieved 
formerly by an application of home-made soap 
using ash-lye, and is mostly done now with 
commerciid bleaching agents 
Gum, present in the bark, consists of uronic 
acid compounds which hydrolyze to a number 
of siig.us ronibreglutinin has interesting nie- 
dicmal properties, particularly for the treat- 
ment of hepatitis 6. Other proven medicinal 
effects of Combretum ghttinosum are promot- 
ing Hisrhargr of urine, reduction nf hyjiert«n- 
sion, discharge of bladder stone and antitussive 
and disinfectant properties of the leaves. 

Adulterations and substitutes In the bo- 
golan process, the leaves of Coinbivtum gtuti- 
nomm can be replaced by those of the more 
often used Anogeiatus leiocarpa (DC.) Guill. & 
Perr. which have similar efifects, giving yellow 
dyes that can be bleached easily to leave white 
designs on a black ground. The barks <^ Lan- 
nea microcarpa Engl. & K.Krause and Tenni- 
nalia macroplera Guill. & Perr. are also used 
to dye bogolan textiles, but the odire to reddish 
colours obtained are preserved, not bleached, 
giving textiles with reddish designs on a black 
ground or a reddish ground with black designs, 
the blade colour being due in all cases to the 
reaction nf the vnrioiis tnnnins present in the 
plants with the iron compounds of the mud. 

Description Shrub or small tree up to 12 m 
tall; bole up to 60 cm in diameter, often crooked 
or branched from the base; bark rough and 
grooved, grey; crown rounded and open; 
brandies densely and shortly greyidi hairy. 
Leaves opposite to slightly ahemate or some- 




CoMbretum gtutuiosum - 1, flowering twig; 2, 

flnii cr; .7. fniiltuii In ii^. 

Redrawn and adapted by Acliinad Saiiri Nur- 
htunon 

times in whorls of .3-1, simple; stipules .'il)si'nt; 
petiole 0.5-1.5{-3.5) cm long; blade elliptical, 
ovate or obovate, 9-18(-36) cm x 4-8(-20) cm, 
base numderl to attenuate. ape\ rounded to 
acute, margin entire, sometimes wavy, when 
young usually sticky above and densely grey 
pubescent below, lateral veins prominait, in 7— 
1.5 pairs Inflorescence an axillnn- spike up to 
6 cm long. Flowers bisexual, ix-gular, 1-merous, 
yellowish green, fragrant, sessile; reoqitade 
cup-shaped, up to I mm wide; calyx lobes tri- 
angular; petals free, obovate to circular, 1-2.5 
mm long: stamens 8; ovary inferior, style ex- 
serted. Fruit an ^ip- i I 1-winged samara 
2. .1-4 cm 'X 1 5-,T cm. glabrous or pubescent, 
often sticky near the centre, red to yellow- 
brown. 

Other botanical information Combretum 
is a veiy large genus, comprising about 250 
spedes and distributed worldwide in the trop- 
ics and subtropiCB. About 140 species occur in 
tro]>iraI .\frica. Cowbrfliint schin'infiirthii 
Engl. & Uiels, known from UR Congo, Sudan 
and Uganda, is possibJ^ qmonymous with 
Combretum gluHnomm. 
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Sevcrnl other Cnmhretum species are used for 
dyeing in Africa. The major ones are: Combre- 
turn erythrophyllum (Burdi.) Sond. ftom south- 
crn AfricM nf which tin' rnots nrc used to dye 
textiles and baskets mto rich dark brown col- 
ours, but its major use is as timber; Combre- 
fiim nncraiitliiiin Don from the woslt rn S;i- 
hel, used to dye red colours but more important 
as a medicinal plant; Combretum nigricans 
T>'pr. ex < luill. & Perr. occurring fipom Si negal 
to Sudan and used to dye oranpo-n d culnurs 
but more important for its gum; Coinbrettiin 
paniculatum Vent., which is widespread all 
over tropicnl Africa and yields a yellnw dyf 
used in Kenya to dye green in combmation 
with blue dyes, but more important as a me- 
dicinal plant 

Growth and development In the savanna 
zone Coinbrelnm glultnusiim is evergreen, in 
the Sahel it loses its leaves for a few months 
durinp the dry season. Flowerinp is in the dry 
season after bush fires to which it is very resis- 
tant. Once established in an area, it easily 
foi'iiis dcnsf st.'inds. 

Ecology Coiiibn'tti in !jlntiiiosiiiii is found in 
savanna and open woodland with an annual 
rainfall of 200-900 mm. It is particularly resis- 
lanl to arid conditions, surviving where 
grasses will not, and it recovers quickly from 
burning. It often grows gregariously on sandy 
and degraded soils 

Management Cnnihtrlinn fihitiitosiim is not 
cultivated but often conserved when land is 
cleared. The tree coppices well. It is often in- 
fect i.l l>y Loninthaci'ue plant parasites 

Harvesting The parts used lor dyemg 
(leaves, bark, wood) are collected from shrubs 
and trees growing in the wild. In the Beledou- 
Rou region, fresh leaves collected just after the 
ramy season (in October; are considered best. 
Boys dhnb tbs trees and cut the ends of the 
yoiinp hrnnches w hich are then tied topether in 
bundles. These can be used fresh or are dried 
and stored for later use. 

Handling after harvest According to tradi- 
tionsd Mande recipes the I'resh or dried leaves 
are boiled lor about one hour m water to obtain 
a yellow liquid. The cloth is immersed in the 
bath when the liquid has cooled down Then 
the cloth is dried m the sun and immersed in 
the bath again and this process is repeated 
several times until the dc-iicd liasic ydkm 
colour is obtained. W hile dryinp the same side 
of the cloth is always exposed to the sun and 
turns a deeper yellow as a result of oxidation. 
When the doth has been dyed and dried, it is 



stretched tautlj^ and the parts that are planned 
to be dyed block are covered with liquid mud 
using a wooden stick (kala) for straight lines 
and a special iiietal spatula ( binyeiii ) iVir draw- 
ing cur\'es and fiUuig spaces. When the mud is 
dry, it is riiaken off and the cloth is washed 
well in water. The whole process of dyeing and 
applying mud is repeated up to 3 times to ob- 
tain a de^ black ground. Finally the light- 
( iliiun-d designs are carefully covered with a 
bleaching paste. Sometimes the dy(^ bath is 
prepared not by boUmg, but by soakmg fresh, 
previously pounded leaves for one or two days. 
This ]irocess takes longer, but saves fuel. The 
stem and root barks can also be pounded and 
steeped in water without heating to obtain 
orange shades for other types of textiles, in 
which case w aod ash is usually added to the 
bath as a mordant. 
Genetic resonreea Combretum gtutinoaum 

is widespread .and not in danger ofpenetic ero- 
sion although the growing demand for bogolan 
textiles in recent years, plus other uses, are 
locally making the tree less common. Alreadv 
in the 1990s women were complaining they had 
to walk ever further to gather the branches. 

Prospects Combretum glutinomm will re- 
main ven,' important as a dye source in liopolan 
production. Growing mterest in bugolan tex- 
tiles will result in demand for greater and 
regular supplies of all the dye plants tradition- 
ally used. Takinp also into accoinit the demand 
due to the important medicinal properties of 
Combretum gbUmomm, cultivation is recom- 
mended in the regions where it is used in bisj 
quantities, to pre\t nt overexploitation and 
exhaustion of wild populations. 

Major references .Arbonnier, 2004; Burkill, 
1985; Burkill. 2000: Cardon, 200:3; Duponchel, 
1997; Duponchel, 2001; Jossang, Pousset & 
Bodo, 1994; Uben, 1983; Muteba Luntumbue, 
I'll*'^ V & Millopo-Rasolodimbi, IW:^ 

Utiicr references Adam, Ediard & Lescot, 
1972; Adjanohoun et al., 1985; Aubreville, 
1944; Baba-Moussa, Akpagana & Bouchet, 
1999: Bensai imHa Bensai ]H9 1b: Berhaut. 
1974; Buikmghaai el al., 1994-1995; Forlin, 
L6 & Maynart, 1990; Hindmarsh, 1982; 
Inngjerdonpen ef al. 2001: Kerharo & .\dnm, 
1974; Kerharo & Bouquet, 1950; Mertz, Lykke 
& Reenberg, 2001; Miege, 1992; Neuwinger, 
2000 Pousse! 2004; Talta, 2000; van Wyk & 
(.lericke, 2000. 

Sources of illustratioii Aubreville, 1950; 
Malato-Beliz, 1977. 

Authors M. Marquet & P.C.M. Jansen 
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Cosmos sulpuureus Cav. 

Protologue loon. 1: 56, t. 79 (1791). 
Family AstcraccMf (Compositae) 
Chromosome number 2» = 21 
Sjmonjnns Bidens mlphurea (Cav.) Sch.Bip. 
(1856). 

Veraaoular names Orange cosmos, yellow 
cosmos, sulphur cosmos (En). Cosmos soufr^ 
(Pr). Cosmos amarelo (Po). 

Origin and geof^raphic distribution Cnswos 
sulphurms origmutes trom Central America 
(Mexico) and northern South America, where it 
is still found in t hi' wild It hnsbeen introduced 
as an ornamental m many countries ail over 
the world, in tropical Africa e.g. in Senegal, 
Cameroon, Sudan, Tanzania. Malawi, Zambia, 
Zimbabwe. Mozambiqiu'. Rt'unum and Mauri- 
tius. Sometimes it has escaped from cultivation 
and bdiaves like a weed, e.g. in Tanzania, Ma- 
lawi, Zimbabwe, the United States and Can- 
ada. 

Uses The flower heads of Cosmos su^hurvus 
and other Cosmos, Bidms and Coreopsis qie- 
cies have been major sources of yellow to or- 
ange dyes among the precolumbian civiliza- 
tions of Central and South America. In south- 
ern Africa ihcv were adoj)led as a popular 
yellow dye by European settlers for domestic 
textile production and are still used by dyers 
using natural dyes as a hobby or for textile 
crafts, to dyt- \\ <»il britiht ynllnw or oranfre. The 
flowers should first be boiled for about one 
hour before adding the mordanted wool to the 
cooled dye-bath and resunung boilini; Pn - 
mordantmg the fibres with different metallic 
salts gives various shades of lemon yellow to 
burnt orange. As a top-dye after a first red 
djrewood bath fe.c of Daphia niliria I, odd.) it 
helps give a scarlet bloom to wool while on in- 
digo-dyed wool, it produces greenish-brown 
shades. Cosnins stilphtiretts is commonly culti- 
vated as an ornamental. 

Propraties The flower heads of most Cos- 
mos, Btdeiia, and Co/vk/i.s/.-.' species contain 
flavonoid tlyes of the chalcune and aurone 
groups. The specific flavonoids in Cusiiius have 
not been fiilly elucidated, though the following 
have been found: liileolin n proup of flavonols 
havmg quercetin as their aglycone, and a group 
of chalcone glycosides. These are all good yel- 
low colorants. The traditional medicinal appli- 
cations in China of Co.tmo.i and Bicleiis species 
have been confirmed b}' the fact that Cosmos 
and Bidens extracts are ^own to inhibit bacte- 
ria, fimgi, and viruses and to have potent anti- 



inflammatoiy e£fccts in laboratory animal ex- 
periments with induced gastric ulcer, liver 
inflammation, or arthritis-type swelling. 

Botany Annual herb up to 1.2(-2) m tall, 
with 1-angled, branched, pubescent to glabres- 
cent stem. Leaves opposite, sessile or with 
clasping petiole up to 2 cm long: blade ovate in 
outline, up to 7 cm x 5 t m, very deeply dis- 
sected with ultimate segments narrowly ob- 
long, C. 2.6 mm wide, apiculate, glabrous. Inflo- 
rescence a head c. 1.5 cm in diameter solitary 
and termmal on stem and branches; peduncle 
up to 22 cm long (often much less); outer in- 
volucral bracts narrowly ovate, c. 12 mm long, 
acuminate, inner bracts with membranous 
margin. Ray flowers e. 10, corolla oblong-obovate, 
up to 3 cm long, apex 3-toothed. deep orange; disk 
flowers with narn)S\ly funnel-shaped coiull.i 
lobed, c. 7 mm long, orange-yellow, subtended by 
scales & 9 mm long. Fruit an acfaene c. 2 cm long, 
blackish, with a scabrid beak c 7 mm lonp: pap- 
pus of 2 hohzontally spreading awns c. 5 mm 
long. 

Cosinoa comprises about 25 species fix)m tropical 
America it belongs to the tribe Heliantheae and 
IS related to the much larger genera Bidens 
and Coreopsis, Cosmos su^hurmis as an oma- 

)v.i nt ;il comprises several cult iv.irs. 

Ecology Where Cosmos sulphui-eiis has been 
found in the wild in Africa, it is a common 
roadside weed which does not spread into im- 
dtsturhed localities, in southern Africa it flow- 
ers and iruits in March-May. 

Management Cosmos sulphureus is propa- 
gated liy seed. The fjr w cr heads of about two 
dozen plants are sufficient to dye 0.5 kg of wool 
or silk. They should be harvested when they 

open. They are soaked in water and the mix- 
ture is cooked until the llower heads become 
pale. The dye bath is yellowish in an acid solu- 
tion (e.g. with vinegar) and reddish in a basic 
solution (e.g. with nmmonin or washing soda). 
Alum and tartaric acid are often added as a 
mordant. The textile is simmered in tiie dye 
bath untU the desired depth of colour is 
achieved, usually after ;i!inul .inc hour. 

Genetic resources aud breeding Cosmos 
sulphurms is widespread in Central America 

and elsewhere it may hehinc as a weed. It does 
not seem to be in danger of genetic erosion. 
Breeding efforts are directed towards develop- 
ment of large-flowered ornamentals. 

Prospects .\s a soiirce of orange to yellow 
dyes, Cosmos sulphureus will remain only lo- 
cally of importance in southern Africa and in 
Western comttries. 



62 DYES AND TANNINS 



Mfgor references Hind, Jefi&xjy & Scott, 1993; 
Matlack. 2002; van Wyk & Gericke, 2000; Wild, 
1967, 

Other references Hcrhiuit 1971: nni-i;hftti. 
1998; Cardon, 2003; Dharmananda, undated. 
Autiiors P.C.M. Jansen 



Craterispermum laurinum (DC.) Benth. 

Protolooue 1 1( ]< , Niger Fl.: 411 (1849). 
Family ivubiaceae 

Origin and geographic distribntkm Crater- 

ispt'itiiinn laurinum is widespread in West 
Africa &om Senegal to Togo. 

Uses A brownish yellow dye is prepared 
from the bark and leaves of Craterispermum 
hnirimiin tu dye eotton. In SiiTr;i Leone the 
bark and leaves are sometimes pounded with 
grass and boiled to prepare a yellow dye. The 

bnrl\ is snid to be swoot -inil < ilililc In Sierra 
Leone the stems are used for anchoring traps 
to catch animals. The stems split easily and are 
used in hut building to make woven networks 
of twigs to hold n mud rover or thntc-h. Crater- 
iapernium laurinum is used for live fencing as 
it is fire resistant and easily propagates from 
ciittinijs. The |>lMnt hns iniiny medicinal uses. A 
bark, leaf or root infusion or decoction is taken 
against cough, toothache, fever (including ma- 
laria), venereal diseases, biph blood pressure 
and intrstmnl pnrnsitrs. Powdered bnrk, leaves 
or roots are applied to wounds and soi-es. 

Properties Craterispermum laurinum is a 
stmiii,' ;duminium and a moderate silicon ac- 
cumulator. Of these elements about 36 g/kg 
and 13 g/kg respectively were measured in the 
leaves. It is possible that an Al-Si complex is 
formed in the shoot (issues whn li ni.n I' liitrib- 
ute to Al detoxification. Aiununiuni aix umulat- 
ing plants are used as mordants instead of 
alums in trndifionnl dyeing terhniqiios in differ- 
ent parts of the world. The yellow colours they 
often impart to textiles come from the combina- 
tion of thi in <;;iiiii imi] ilant and dye components 
sui'h ;is n;i\<jiii>nis Tin recipe eombinint; Ctftlcr- 
ispermum Umnnuiii bark and leaves and an 
unspecified grass reported for Sierra Leone 
most probably implies such m eombmiition of a 
mordant and yellow colouring compounds. 

Botany Glabrous shrub or small tree up to 7 
m tall, with twigs ridged at the nodes. Leaves 
opposite simple and entire; stipule.s up to G 
mm long, connate at base, persistent; petiole 
up to 1.5 cm long; blade oblong-obovate, 10-20 
cm X 4-9 cm, base attenuate, apex shortly 



pointed, leatherj-, yellow-groon, pinnately 
veined with lateral veins in about 8 pairs. In- 
florescence an ,i.\ill)uy cyme situated slightly 
above leaf axil: peduncle up to 2 cm l<iny Flow- 
ers bisexual, regular, 5-merous, fragrant, 
shortly pedicellate, c. 6 mm long; caljrx cup- 
shaped, truncate: cnroila funnel-shaped, yel- 
low-white, waxy, pubescent inside, soon falling; 
stamens inserted at the throat of the corolla, 
anthers exserted; ovary inferior, 2-celled, style 
filifoj-m, stipmn 2-lobed. Fruit a shortly sLilked 
drupe c. 5 mm in diameter, blue-black, 1- 
seeded. Seed hemispherical. 
Craterispermum comprises l.'j-20 species and 
is distributed in mainland Africa, Madagascar 
and the Sejrdidles. It is dassified in subfamily 
Rubioideae, tribe Craterispermeae. Crater- 
ispermum schu einfurthii Iliern from central 
and eastern Africa has long been thought to be 
idmtical to Craterispermum kmrinum, but 

differs in ils shorter pedimrles with more com- 
pact mllorescences, toothed calyx and sessile 
fruits. 

In West Africa (Senegal to Nigeria), a yellow 
dye for raffia is extiacteij frntn the leaves of 
Craleriapermum caudatum Hutch., a shrub or 
small tree of which the twigs are used as dhew- 

inp sticks ami H u- iHiildinir hut s. 

Elcology Craterispermum luuriuum is found 
in deciduous forest and along stream banks in 
savanna. 

Management Craterispermum laurinum is 
occasionally cultivated as a fence. It propagates 
easily by cuttings. 

Genetic resources and breeding Craler- 
iaperinuiii laurinum is widespread and nut m 
danger of y:enetic erosion. 

Proqiects Craterispermum laurinum as 
source of n dye will probably remain locally of 
niuior importance. The combination of organic 
aluminium mordant and oolcn-ants in the same 
plant would make it a good .source of fast dyes 
that could be combined with other vegetable 
<^es to obtain a wider range of colours, if pro- 
grammes In I the revival of the use of natural 
dyes were dev eloping within the regions where 
it is widespread. Its medicinal properties need 
further investigation before its therapeutic 

vriUii' (•:\]^ In- i .n fi I'ttii 1 , 

iVl^or references Burkill, 1997; Irvine, 1961; 
Neuwinger, 2000. 

Other references Abbiw, 1990; Ake Assi et 
nl. 108.1 rhifundera 2001 C.reenway. 1911; 
Hepper &, Keay, 196.3; fliern, 1877; Jansen et 
al., 2003. 

Aufhors P.C.M. Jansen 
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CRATERISPERMUM SCUVVElNFURTUll iliom 

Protologue Oliv.. Fl. trap. Afr. 3: 161 (1877). 

Family Fvu1m.:ii p;ii' 

Origiu and geographic distribution Crater- 
iapermum achweinfiiHhu is found from Nige- 
ria, throughout ot-ntral antl castorn AiVica, and 
south to Angola, Zambia, Zimbabwe and Mo- 
zambique. 

Uses The bark and leaves of CralfrLywrmiun 
schu cinfiirthii are n sourer of yellow and brow n 
dyes used for d^'eing cotton cloth. In DR Congo 
the dead wood, kept in moist oonditioDS, be- 
comes red and is used in the preparation of a 
red ointment ('nkula', also prepared frrau other 
sources) used to colour the face in traditional 
ceremonies. In Angola the species is valued as 
a live fentv bet ause of its resistance to fire and 
ease of cultivation. The fragrant flowers are a 
good bee forage. Twigs ate used as toothpicks, 
toothbrushes and chewing Rticks. The hard and 
tough wood is used for building poles, tool han- 
dles, sticks, firewood and diarooal. Applica- 
tions in traditional medicine are numerous. 
The l)ark IS cin'Wi'd to rure coughs and whoop- 
ing cough, a bark decoction is drunk in cases of 
stomadh affections, fever, diarrhoea and used 
in vnjiour baths against rheumatism ocnlema 
and sting-pain; powdered bark is applied to 
sores and wounds. Roots, baric and fruits are 
chewed and the juice taken against venereal 
diseases and as an aphrodisiac. 

Properties No research on the dj'e or tannm 
content of this species appears to have been 
published, Imt the closely related Cnitcr- 
ispermum lauriiiuin (OC.) Benth. has been 
shown to be a strong aluminium accumulator. 
Sucb plants are used as mordants instead of 
alums in traditional dyeing techniques in dif- 
ferent parts of the world and they often also 
contain colorants. 

Botany Shrub or small to medium-si^ed tree 
up to 15 m tall, glabrous, with grey-white, 
warty bark. Leaves opposite, simple and entire; 
stipules triangular, situated between the peti- 
oles, up to T) mm long; petiole 1-2 cm long: 
blade ellipLicul, oblong, obovate or ublanceulate, 
6-17 cm X 2-8 cm, base cuneate, apex obtuse to 
acuminate leathery, pinnately veined. Inflo- 
rescence a cyme situated slightly above leaf 
axil, compact and head-like; peduncle stout, up 
to 1 cm long. FlowMs bisexual, regular, 5- 
merous, heterostylous sweet -scentod, sessile; 
calyx tubular to cup-shaped, up to 3 mm long, 
with small teeth; ooroUa salver- or fimn^- 
shaped, white, tube 4-6 mm long, d^iaely 



haiiy inside, lobes oblong-ovate, 3-6 mm long; 
stamens inserted at the throat of the corolla, 
anthers with tips just exserted in long-stjied 
flowers, completely exserted m short-styled 
flowers; ovary^ inferior, 2-celled, style tilii'orm, 
c. 7 mm kmg in long-styled flowers, up to 4 mm 
long in short-styled flowers, stigma 2-lolu>d. 
Fruit a sessile drupe 5-6 mm in diameter, 
crowned with persistent calyx. 1 -seeded. Seed 
bowl-shaped, 2-3 mm long, dark brown. 
CraliTisperwum comprises 15 20 sjiccics and 
IS distributed in mainland Africa, Madagascar 
and the Seychelles. It is classified in subfamily 
Rubinifh'ac inho Cvuterispermeae. Craierisper- 
mum achwemfiirthii has long been thought to 
be identical to Crateriapermum laairutum (DC.) 
Benth. from West Africa, which differs in its 
longer peduncles with often branched inflores- 
cences, truncate calyx and stalked fruits. 
CrcUeri^mrnum cerinanthum Hiem from West 
.Africa is closely related or possibly identical to 
Cmleriapennum schweiitfitrlhii; its 1 cm thick, 
white baik is said to be edible. The leaves ot 
CraterUpermum davevivt De Wild. & T.Durand 
are used to cure wounds in Galion 

Ecology Cralerisperinuin schneinfurlliii is 
found in evergreen fringing forest along water, 

swamp forest drier e\-ergreen forest and thick- 
ets, from sea-level up to 1500 m altitude. 

Management Crateritpmnum ^twemfiirthii 
is easily propagated by cuttings; this is practised 
in ,\ng(tla for live fencinjj 

Genetic resources and breeding Crater- 
ispermum aehweinfUrthii is widespread and not 
in danger tif genet ic erosion 

Prospects Crateriapermum achueiiifurlhii 
will probably remain locally of minor import 
tance as a source of a yellow, brown or red dye. 
Its chemical composition and medicinal proper- 
ties need more investigation for a better 
evaluation. 

Major references Buridll, 1997; Latham, 2004; 

Verdcourt, 1976. 
Otiher references Ake Assi et al., 1985; 

Chifundera. 2001: Puff. 2003: Raponda-Walker 
& Sillaas l<ic,l Verdcourt. 1974; Verdoourt, 
1989; W all &. Breyer-Brandwijk, 1962. 
Authors P.C.M. Jansen 
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Cremaspora TRIFLURA (Thonn.) IvSchum. 

Protologue Engl. & Pranti, Nat. Pflanzen- 

fam. -U J): 88 (18i)l). 
Family Rubiaceae 

Synonyms Crematpora eoffeoides Hemsl. 

Origin and geographic distributiou Cre- 
mcupora triflom is widely distributed all over 
tropical Africa and Comoros, bu( it has nol been 
reported from north-oastcm tr(i]>ic'.i1 AlVii-a (from 
Ethiopia to Somalia) or soulh-wetitern Africa 
(Namibia to Botswana). 

Uses Thr- iinripo and ripe firuits of Cre- 
maspora triflom produce a blue>black dye, used 
in various parts of Afirica as a cosmetic to ocd- 
our the face and body. The n|t<' fruit is said to 
be edible. The crushed seed |>r()dLKes a deep 
black dye, also used to colour body and face 
and in DR Congo to dye barkcloth made from 
Firiis Ihnitilin i^ii Rlumo. Cicitiaspora Irifloruis 
planted as an oi-uamental somewhat resem- 
bling a cofTee shrub, bearing white sweet- 
scented flowers. The wood is used in con si im - 
tion as poles and also makos pnod firowooil. In 
Cote d'lvoire the bark is used to strengthen 
ferm^ted drinks, and to alleviate tootiiadie by 
putting a piece of bark in a diseased tooth and 
by washmg the mouth with a bark decoction. 
In Tanzania a root extract is used against 
rheumatism. A decoction of the plant is drunk 
against swellings, intestinal parasites and as a 
diuretic. 

Properties There is no information on the 

dye components of the fruits and seeds, .\lka- 
loids are present in leaf and bark The wood of 
Cremaspora tnflora is yellowish and hard. 

Botany Shrub, liana or small tree up to 9 m 
tall, usually much branched: stem glabrescent 
to densely hairy. leaves opposite, simple and 
entire; stipules triangular, up to 7 mm long; 
potiolo short: blade oblong, ellipfiral or 
oblanceolate, 2-18 cm x 0.5-9 cm, base 
rounded to cuneate, apex acuminate, glabrous 
above ylalirous to pubescent beneath; leaves 
subtendint; lateral hranc'hes mostly rounded to 
kidney-shaped, 3—4 cm in diameter. Intlores- 
oence a dense axillary fiasdde 2-3 cm wide. 
Flowers bisexual, rejjular. •T-merous. strongly 
sweet-scented, sessile; calyx tubular, lobes up 
to 2 mm long; corolla tubular, white or yellow- 
ish, tube 3-6(- 10) mm long, Inhrs ;!-7 mm Innp 
stamps inserted at the mouth of the lube, 
filaments verj' short; ovarj' inferior, 2-celled, 
slyle up to 16 mm long, at apex 2-lobed with 
stigmatic surfiaGe on inside of the lobes. Fruit 



an ovoid or ellipsoid berry , 7-1.5 mm x .5-7(-12) 
mm, red, glabrous to denselj^ hairy, crowned 
with persistent calyx, usually 2-8eeded. Seeds 
compressed half-ovoid. 5-7 mm ^ H nim x 
2-3.5 mm, testa finely' transversely wrmkled. 
Cremaspora comprises 3-4 species and is con- 
fined to tropical Africa. Comoros and Madagas- 
car. Cremaspora tnflora is very variable and 
three subspecies have been distinguished, 
mainly based on diff(>rences in form and size of 
leaves, calyx lobes and fruits: the widespread 
subsp. triflom, subsp. confluens (K.Schum.) 
Verde, from Kenya, Tanzania and Malawi, and 
sulisp coiiuiiciisis (Baill.) X'erdc. from Comoros. 

ELoology Cremaspora triflom is found in 
evergreen ioxest, fringing forest, bushland and 
thidcet from sea-level up to •j.i " > i m altitude. 

Genetic resources and breeding Crcina- 
sporu tnflora is widespread and is nut in dan- 
ger of genetic erosion. 

Prospects Cmnaspora triPnva as source of 
a dye will remain only locally of some impor- 
tance. Its medicinal and ornamental pro|ierties 
need in'.ire investigation. 

Major references Bridson & Verdcourt, 
1988; BurkiU, 1997; Irvine, 1961. 

Other refiereneea Adjanohoun et al., 1989; 

P,eentj(\ 1 !)!» !: Hopper & Keay, V.MV.V Kokwaro, 
1993; Neuwmger, 2UO0; Raponda-Walker & 
Sillans, 1961; Staner, 1936; Verdcourt, 1980. 
Auiliors P.C.M. Jansen 



Crocus sativus L. 

Protologue Sp. pi. 1: 36 (1753). 
Family Iridaceae 
Chromosome number 2n = 24 

Vernacidar names Saffron, crocus (En). Sa- 
fran, satran vrai t,Fr). Ayalrao, avaflor, croco (Po). 

Origin and geogmphic di s lrlh u UoB Crocus 
sativiifi i.s known only as a cultivated plant Tt 
probably originated in Greece and western 
Asia, where some wild species occur which are 
possibly related. In ver>' ancient times it was 
spread eastward to Kashmir in India Later its 
cultivation spread to European lemperate 
countries, western Asia, northern India and 
China. In tropical .Africa saffron is rarely lailti- 
vated, but there are reports from the Hoggar 
area in southern Algeria and northern Mali. Its 
bulbs are importefl occasionally, e.g. they are 
for sail- on markets in .Mauritius. 

Uses The dried upper part of the yellow style 
with 3 red stigmas attadied, pidced from the 
flowers of Crocus aatims, is the saffron of com- 
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meroe, which is used mainly to colour ond fla- 
vour foods. Saf&on was also applied in textile 
dyeing, but only rarely and only for predoua 
silks and special uses (e.g. women's under- 
wear). 

Medicinally, saffixm is considered an anodsme, 

antispasmodic, aphrodisiac, diaphoretic, em- 
menagogue, expectorant and sedative, but the 
many therapeutic properties of saffron are dis- 
puted. In traditional medicine it is used 
against sc.orlc't fever smallpox colds insom- 
nia, depression, asthma and tumours. Saliron 
is an important ingredient in V^jmrvedic and 
other systems of mi-dicim' in India. In Mauri- 
tius a paste of the bulb is applied to skin affec- 
tions. Croeua aativua is widely planted as an 
ornamental in gardens. 

Production and international trade Crocus 
satiius IS by far the worlds must expensive 
fiwd-dye and spice. Spain has been the main 

producer, nrcoiintinp for '.)()% of the world's pro- 
duction, but a large iiroportion of the export, of 
Spain originates from )>lants actually grown in 
Iran. Other exporting countries are India 
(Kashmir), France Italy and Altjcria The an- 
nual production in India at the beginning ol the 
1980s was estimated at 9-10 t. The interna- 
tional market price in that period was about 
US$ lUUO per kg. 

Properties The chief colorants of Croats 
aativus are the yellowish-red < arotenoid glyco- 
side crocin and the bitter glycoside picrocrocin. 
On hydrolysis crocin yields the sugar gentio- 
biose and crooetin. Saffixm also contains the 
pleasantly smelling salVanal, which develops 
durwg the drying process by enzymatic or 
thermal dissodation of picrocrocin. 
In animal tests crocetin improved oxygenation 
in cases of haemorrhage showed positive re- 
sults in the treatment of atherosclerosis and 
arthritis, and inhibited the development of 
ch( mii ally induced skin tumours. In a pilot 
double-blind randomized clinical trial in Iran, 
saf&on was found to be effoctive in a way simi- 
lar to imipramine in the treatment of mild to 

mf)(|('r.iic d'>pression. 

Botany Small stemless perennial herb up to 
30 cm tall, having a more or less globular sub- 
terranean co7-m 3-5 cm in diameter, sur- 
rounded by a fiuelj' reticulate-fibrous tunic and 
rooting at base. Leaves linear, 1.5— 2(-3) mm 
broad, with a white median stripe above, 
keeled below. Flowers l-'S. bisexual, regular 
each on a short subterranean pedicel, sub- 
tended by membranous bracts; perianth with a 
long cylindrical tube and 6 summits 2.6-6 cm 




Crocus aativua - 1. phinl liahit; 2, opened 
flower; 3, style and .siigiiias; 4, sligma. 
Source: PROSEA 

X 1-2 cm, deep lilac-purple or mauve coloured 
with daiker veins, white or lilac in the throat; 
stamens 3: ovary inferior, style divided into 3 
brilliant orange-red stigmas 2.5—3.0 cm long. 
Crocus comprises about 80 species and occurs 
from Europe to central Asia. Crocus sativus is a 
sterile triploid which reproduces only vegeta- 
tively. The corms reproduce annually, giving 
rise to new young oormlets. Being veiy expen- 
sive saffron is often adulterated in a variety of 
ways. Not only is very impure saffron consist- 
ing of floral parts other than stigmas sold, but 
parts of other plant species with dy^g proper- 
ties are also offered under the name 'saffron', 
such as powdered rhizomes of turmeric (Cur- 
euma Umga L.), and flowers of safflower (Cor- 

Ihninus tincfariii.'i L.) The dyeing substances 
from these plants can be used m the same way 
as true saffron, and are much cheaper. In East 
and southern tropical Africa the yellow <^ 
obtained from the flowers of Crnrosmfn ntirea 
(I'appe ex Hook.) Planch, can be used as a sub- 
stitute for saffron. Crocosmia catrea is also 
used in traditional medicine, e.g. leaf sap and a 
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decoction of the oorra is drunk to treat malaria, 
and a root decoction is drunk to treat arthritic 
rheumatism, for which purpose the ash of the 
phmt with Rieinua oil is also embrocated into 
scarifications. 

Ecology Croats satims thrives best in tem- 
pcratc and fairly dry climates. In tlii arojis f>f 
Spain where saffron is cultivated, annual rain- 
fall only rarely exceeds 400 mm. Two periods of 
heavy rainfall are adequate for goodjrields, one 
in spring for the proHiirfion nf new rnrms and n 
second at the end of summer to promole ilower- 
ing. Crocus sativus flowers in autumn. Frosts 
or rains •luring flowering are harmful and can 
damage the crop. 

Management Propagation is by n^mis of 
corms. Cultural practices vary for the di£Eer«it 
producing countries f huf planted corms may 
remain in the field tor 3—12 years, but some- 
times saffron is grown as an annual crop. The 
fioworing and hnnTslini: season lasts for about 
4 weeks. The flowers mu.st be picked in the 
early morning, and the stigmas should be re- 
moved on the same day. The 3 stigmas are 
dried, along with about 5 cm of the style at- 
tached, and constitute the pure saffron of 
commerce. An average yield is about 1 million 

flowers per ha which in turn produces 10 kg 
dried saffron. Fire-dried saffron is more valu- 
able than sun-dried. SaC&on is marketed both 
as a powder and as the much less dense 'hay 
saffron' i.e. loose stigmas Quality is main- 
tain t'd by storage at low humiduy. 

Genetie resoturoes and breeding Crocus 
satinis has been shown to be genetically homo- 
geneous throughout its region of cultivation, 
from Spain to China, as a result of continued 
vegetative propagation of a single eloncv 

Prospects As it is not suited trt tropical and 
high-ramiall climutes, Ci-ocus sativus does not 
have good prospects In tropical Africa. How- 

i \ i r as saffron is \-aliipH in parts of the region 
and as products fixtm other plant resources are 
often confused with true saffinm, it seemed 
useful to give some attention to this species. 

Major references Basker & Negbi, 1983; 
JiurkiU, 1994; Wessel-Riemens, 1991. 

Other references A<i|ianohoun et al., 1983b; 
.Akhondzadeh et nl, 2004: Hiaccio, 2004; Sam- 
pathu, Shivashankar & Lewis, 1984. 

Sources of i]liutrationWes8el-Riemen% 1991. 

Authors P Jansen 
l^a.sed on PROSEA 3: Dye and tannin^nodudng 
plants. 



CrYPTOLEPIS SANGUINOLENTA (Lindl.) 
Schltr. 

Protologue Westafr. Kautschuk-Ei^ed. 308 

(1900). 

Family Asdepiadaoeae (APG: Apoqmaoeae) 
Origin and geographic distributfon C; \7<- 

tuli'ins sangiuHoleiUa is found from Senegal to 
Nigeria, and has also been recorded from Cam- 
eroon. (Central .African Republic, Congo, DR 
Congo, Uganda and .\ngola. 

Uses The roots of Cryptolepis saiiguinolenta 
are collected from the wild and locally sold on 
markets in West .\frica. They are a source of a 
yellow dye, which is used for dyemg leather, 
e.g. in Nigeria for tanned goat ddns. Hie roots 
are crushed and gruuml in a wooden mortar, a 
little hot water is added and the mi.vture is 
stirred. It has a dull yellow colour and should 
be used immediately. The tanned goat skin 

surface is first treated with some groundnut nil 
and subsequently' dipped in the dye bath, the 
extract being well rubbed into the surface. Af- 
ter a few minutes a piece of tamarind (Tama- 
riiiiliis iiulica L ) fruit paste is added. This 
paste IS prepared from seedii and fruit pulp 
soaked in cold water and gradually warmed up 

until a pidpy mass develops. This new mixture 
is also rubbed in. The skm is exposed to the air 
for 2-3 minutes and after that again rubbed in 
with the mixture for about o minutes, wiped 
clean and hung up to drj'. The effect of the 
tamarind fruit paste is to purify the colour; it 
removes the red tint that would result from the 
addition of alkali in the (fyebath. 
In Durkina Faso the leaves are used as a vege- 
table. In traditional medicine extracts of Cryp- 
tnU'pi.t sanjiuinoleula (usually roots) are used to 
ti-f\-it fever hepatitis ((Juinoa Bissau), malaria 
((jhana), urinarj' and upper respiratory tract 
infections (N^eria), oolk; and stomach com- 
plaints (Senegal, Nigeria DR Congo, Uganda), 
wounds, hernia (L'ganda), snakebites (Uganda), 
riieumatism (Senegal, Nigeria), and as a tonic 
(Senegal, Nigeria). 

Properties The leaves and roots of ('ry/j- 
tolepis sauguiiiuleiila are rich in bioaclive in- 
dole alkaloids sudi as cryptolepine, the major 
constituent of the roots and the first alkaloid 
isolated from the plant. From the roots 11 
other structurally related alkaloids have been 
iaolated, such as hydrosyicxyptolflipine, iaocryp- 
tolepine, cr5T>tospirolepine and <piindoline. But 
recent research has shown that in on aqueous 
extract of the roots only crsrptolepine was de- 
tected and thus constitutes the main or only 
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source of yellow colorant in the dye baths. 
Other yellow alkaloid dyes such as berberin 
from Berbeiis and Mahonia species have had 
histuiical importance in Asia Kurope and 
America. All the alkaloid compounds in Cryp- 
tolepia scaiffiinolenia also have medicinal prop- 
erties, thoiie with weakly basic characteristu s 
showing a strong antiplasmodal activity agamst 
Piaamodmm falcipanim (causing malaria dis- 
ease). Crj-ptolepine, tlir niosl extensively mves- 
tigated allsaloiil of thi' [ilant also has antibacte- 
rial, hypothermic, hypotensive, i-enal vasodila- 
tor, antipyretic anti-inflammatory, antithrom- 

bot ic ,111(1 ant i-hvpert;]yeetnic aetivilics 

Botany Twining and scrambling shrub with 
thin branches up to 8 m long, containing yel- 
low-orange juice becoming red upon drying. 
Leaves opposite, simple, ^'labruus: stipules 
absent; petiole 1—1.5 cm long; blade elliptical lo 
ovate, 2.6-10 cm x 1-6 cm, base rounded to 
cuneatc, apex acuminate, niargin entire Infln- 
resoence an axiUaiy panicle 5-8 cm long, with 
few, laxly spaced flowers. Flowers bisexual, 
regular, 5-merous. i 1 i m long, greenish yel- 
low: pedicel 0 a-l cm long: corolla with tube 
c. 5 mm long, lobes arranged star-like, lanceo- 
late, c. 12 mm long, contorted to the left in bud. 
Fruit a |)aii- of sj>rearling follicles, each nar- 
rowly LyUndrxcal and up to 18 cm x 0.5 cm. 
Seeds c. 12 mm long, bearing a coma of long 
silky hairs. 

Cryplnlfpis comprises about 20 species (10 in 
Africa, 2 m Madagascar, 1 m Asia, 3 in Papua 
New Guinea and 1 in Australia) and has often 
been classified in a seiiarate family: Prri;>lf)f'i- 
ceae. The dislnliulum and chemical composi- 
tion of Cryptulvpts naitgiiinolmta is quite dif- 
ferent from the other Afritran Cryplnlcpi.t spe- 
cie.s. The latter are confined to the east coast. 
The leaves of most Cryplulepis species contain 
phenoUe compounds, but these are absent in 

the leaves of C ryplnlrjyfs siiniiiiiuolivilfi. 

Ecology Cryplolepis sanguiiiolenta is often 
feund in gallery forest, usually near water. 

Genetic resources and breeding Ciyptole- 
pia sanguuiolenfa is widespread and dees not 
seem to be in danger of genetic erosion. 

Prospects Cryptd^ns sanguuiolenta will 

remain locally important as a source of yellow 
dye. Its medicinal activities are promising and 
certainly deserve more attention. 

Major references Berhaut 1971: Hulluck 
1955; Bullock, 1963; Burkill, 1997; Dalziel, 
1926. 

Other references Bierer et al., 1998; 
Brown, 1902-1904; Grellier et al., 1996; Eer- 



haro & Adam, 1971: Mertz, Lykke & Reenberg, 
2001: Paulo et al.. 2000; Paulo & Houghton, 
2003: Silva et al.. 1996: Tabuti, Lye & Dhillion, 
2003: Watt & Hiev ei-niandwijk, 1962. 
Authors P.C.M. Jansen 



Curcuma longa L. 

Protologue Sp. pi, 1: 2 (1763). 

Family Zingihernceae 

Chromosome niuuber 2/i - 63 

Sjnumyma Curcuma €hme*tiea'Va\etan (1918). 

Vernacular names Turmeric (Rn). ( 'iirciuna 
safran pays, safran des Indes (Ft). Curcuma, 
rizoma dos fndios, acafroeira da fndia, terra 
merita (Po) Mmaiijano iSw ) 

Origin and .sfeographic distribution The 
origin of Curcuiiia luiiga is not certain but it is 
thought to originate from southern Asia, most 
probably from India. Curcuma Iniiga does not 
occur in a true wild state, although in some 
regions it appears to have become naturaUzed. 
It is a sterile triploid and is thought to have 
arisen by continued selection and vegetative 
propagation of a hybrid between the diploid 
wild turmeric {Curcuma aromaUea Salisb., 
native to India Sn Lanka and the eastern Hi- 
malayas) and another closely related tetraploid 
Curcuma species. 

India is considered a > cntre of domestication 
and Ciirrinna Itni n,! h.is been grown there since 
time immemorial. It reached Chma before the 
7"* century. East Africa in the 8*'' century and 
West Africa in the l-"^"' century. It was intro- 
duced mto Jamaica in the 18'*^ centurj'. At pre- 
sent turmeric is widely cultivated throughout 
the tropics, but commercial production is con- 
centrated in India and Suuth-R.-isI Asia. In 
Africa it is cultivated in home gardens in many 
countries and is for sale in numerous marisete. 

Uses r" tirriiiiia Iniiffa is cultivated for its 
rhizome primarily' as a dye source, secondly as 
a culinaiy spice. In West Africa its major use is 
as a dye to colour produ< t< such as tanned 
leather, cotton cloth, thread ami palm fibres a 
golden-yellow. Rhizomes are also used in .\lrica 
and Asia as a cosmetic for body and face. They 
are an auspicious .•utirlr. in all n'ligious obser- 
vances in Hmdu households, and have many 
other uses in daily life in ccmnection with birth, 
marriage, death, and in agriculture. In Asia 
turmeric is widely used as an important con- 
stituent of curry powder (contains up to 25% 
turmeric). In Western countries, ground tur- 
meric ihizome is widely used in the food indus- 
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tiy, in particulnr as n colouring agent (E 100 in 
the European L'nion) in processed foods and 
sauoea. It is also applied as a colouring agent in 
phttrmMceutiffiis. ((nifcrt innory and textile 
dyes, and is a cheaper substitute for the true 
saffron (Crocus gativua L.). 
Young shoots and young rhizomes can be eaten 
fresh as a 8pic>' vegetable. Turmeric oil and 
oleoresin find similar applications as the 
ground spice. In the United States the regula- 
torj' status prnfrnlly recognized as safe has 
been accorded to turmeric oil (GRAS 3085) and 
turmeric oleoresin (GRAS 3087). The maxi- 
mum permitted level of turmeric oil in fra- 
grances is 1%, but it is now rarely used. 
Turmeric rhizomes are part of numerous tradi- 
tional compound medicines used as stomachic, 
stimulant and blood purifier, and to treat liver 
cumplamts, biliousness and Jaundice. ^Uxed 
with warm milk th^ are used to cure common 
cold bronchitis and asthma. Juice from fresh 
rhizomes is applied against many skin infec- 
tions, while a decoction is effective against eye 
infections. Researdi since the 19708 has found 
promising pharmaceutical activity against can- 
cer, dermatitis, AIDS, inllammatiun, high cho- 
lesterol levels and dyspeptic conditions. Tur^ 
mi ri<- nl.so has inspcticidal, fungicidal and 
nemalicidai properties. In Madagascar ground 
rhizomes are mixed with grains to protect them 
from storage pests. The leaves are used in pre- 
paring n special medicinal bread in Nepal and 
India. 

Prodnctton and intematioiial trade CUr- 

cuina loniid enli is into international trade 
mainly in the form of dried whole rhizomes. 
Trade in ground turmeric is less important 
than it used lo be. India is ihe largest pro- 
ducer, with KKIOiK) t from i:V),000 ha and 
dominates the mternational trade which is 
estimated at 20,000 t annually. Other produo- 

ers in Asia include Bangladesh Pakistan Sri 
Lanka, Taiwan, China, A'lj'anmar and Indone- 
sia. It is also cultivated in the Caribbean, and 
in Central and South America, with Jamaica, 
Haiti and Peru b(>ing the most important pro- 
ducing countries. All Asian producers are 
heavy consumers as well and some are even 
net importers whereas non-.\sian countries 
export most of their production. Trade in tur- 
meric from Asian countries is mainly routed 
through Sini^apore. Leading importers are 
Iran. Sri l.anko. most of the Middle East and 
North African countries. Taiwan is the main 
supplier of Japan, whereas Jamaican turmeric 
goes mainly to the North American market. In 



the i;)80s and 1990s the L'nited States im- 
ported about 1850 t turmeric annually, with a 
value of about US$ 2 million. 

Properties Per 100 g edible portion ground 
turmeric contains approximately: water Il.-l g, 
energy 1481 kJ (354 kcal), protem 7.8 g, fat 9.9 
g carbohydrate 64.9 g. dietary fibre 21,1 g (^a 
183 mg, Mg 193 mg. P 268 mg, Fe 41.4 mg, Zn 
4.4 mg, vitamin A 0.0 lU, thiamin 0.15 mg, 
riboflavin ().2.i mg. niacin 5.14 mg, folate 39|Ag, 
ascorbic acid 2.1. !» mg (I'SDA, 2004). On steam 
distillation the rhizomes yield 2-7% essential 
oil, whidi is orange-red and slightly fluores- 
cent. Its major constituents are the sesquiter- 
pene zingiberene 25% and the ketonic deriva- 
tives tunnerone 36% and ar-turmerone 12%. 
Extraction of the riuzome u ith ethyl alcohol, 
acetone or methylene chloride yields 6-10% 
oleoresin, which contains 35-45% curcumin 
and its derivatives demethox3wurcumin and 

bis-ilemethoxyciircumin (X)llectivcly known as 
curcuminoids. These compounds give turmeric 
the characteristic yellow-orange colour (Natu- 
ral Yellow No 3 of the Colour Index), the essai- 
tial oil gives it the ty|>ic;d aroma and flavour. 
The contents of the rhizome are very variable 
and depend on the site of cultivation, type of 
cultivar: m f . m . n ( .if h a i-\-est, method process- 
ing and method of analysis. 
Turmeric is recognized in the dyeing industry 
as one of tiie 'direct colours', capable of dyeing 
cotton without a mordant. However, as the 
pigment is extremely sensitive to light, it easily 
discolours, and when applied to cotton, wool or 
silk it is usually used in a weak s<ilu(i<in i)f 
acetic acid or alum. Alkah in the dye bath 
would impart a reddish hue. In West Africa 
tamarind i>ulp is added to the turmeric dye 
bath, probably to purify the colour and to re- 
move any red tint. 

The essential oil of turmeric is composed 

mainly of o\ygenatrd monoterpenes, with 
smaller quantities of sesquiterpene hydrocar- 
bons and monoterpene hydrocarbons. The rela- 
tive contribution of individual comiKinents to 
the aroma and flavour is not well known. The 
aroma of sleam-distiUed essential oil differs in 
diameter from that of the spice and this is 
believer! to nrisc fi-om .u-tefact formation dur- 
ing the distillation [irocess. A monograph on 
the physiological properties of turmeric oil has 
been published by the Research Institute for 
Fragrance Materials (RIFM). 
Curiy powder usually contams, m addition to 
turmeric, spices such as coriander, cumin, cin- 
namon, cardamom, C^ugreek, chilli, nutmeg, 
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clove, ginger, pepper and dill. The proportions 
of the different ingredients vary with the sort 
of food being curried, but tui mmr tmd corian- 
der nre usually most Mhund;int, Modern nicdic-i- 
nal researcli (in tests with animals such as rats 
and mice) hae revealed that curcumin and its 
aUies possess antiHixidiint. anti-inflMnimatniy 
and anti-oarcinogenic properties. Turmeric can 
lower lipid peroxidation by maintaining the ac- 
tivities of anti-oxidant en/ymes like supercHcide 
dismutnse ratalase and glutathione pei-oxidnao 
at higher levels. These enzymes play an impor- 
tant role in the regulation of lipid peroxidation 
(curcumin was effective in acute as well as 
chronic models of inflammation). The lipid per- 
oxidation has a main role in inflammations, 
heiirt tliseast s and cancer. In tests turmeric 
has ;ils<i siinwn rtntijirotozunl nemtiticidal. 
antibacterial, antivenum, antiviral and anti- 
tumour activities. In clinical studies promising 

results were olitained by orril ndminisl r;il ion of 
turmeric to patients with rheumatoid arthritis, 
respiratory diseases, peptic ulcers and dysj^ep- 

sl;i, 

Adulterations and substitutes Tiie early 
history of Cuixuma loiiga is bound up with 
that of saffron, for which it is a much dieaper 
substitute. In India adult rriit ion of turmeric 
itaelf is a serious problem m local markets and 
ground turmeric is more vulnerable to such 
practice. It is not uncommon to find turmeric 
powder locally adulterated with lead rhromnte, 
yellow earth, sand, or cheap talc. However, in 
the international market, concern over possible 
adulteration relates mainly tn the mixing of 
related Curcuma species containing curcumi- 
uoid pigments into turmeric riiizome material. 
There are three other curcumin-oontaining 
species that are signifirant with regard to 
adulteration. Curcuma xuiillwrrhiza Koxb., 
Curcuma aromatica Salisb. (wild turmeric or 
jrellow /edoary) and C urrtima zrdoaria 
(Christm.) Koscoe (zedoaiy). In the producing 
countries of Asia these three species are vari- 
ously used as a source of starch, dyes and in 
folk medicine and as a substitute for true tur- 
meric (not as a spice but in other applications). 
Identifiring these species by microscopy of 
ground material is often <liffirult, particularly 
if the starch grains and oleoresin cells have 
been destroyed by boiling. Adulteration of Cur- 
tuma loaga by Ciivcuwa aromatica or Cur- 
cuma zpfiooHfi can be detected from the pres- 
ence of camphor and camphene, which occur as 
minor compon«its in the essoitial oil of the 
latter two species. 



Description Perennial, erect, strongly tiller- 
ing herb (often cultivated as an amiual), up to 
1(— 1.5) m tall: rhizome a fleshy complex with 
an ellipsoid primary tuber c. .'"i cm x 2.5 cm, 
rmged with the bases of old scale leaves and 
when mature bearing numerous straight or 
slightly cuived. cylindrical, branched, lateral 
rhizomes (called fmgers) 5-10 cm x 1-1.5 cm, 
the whole forming a dense clump; rhizomes 
inside and outside bright orantjc-ycllow young 
tips while with a spicy smell when brui.sed; 
roots fililorm, tough. Leaves alternate, dis- 
tichous, simple, with sheaths forming a short 
pseudostem: petiole O H ID cm long, broadly 
furrowed and narrowly winged; blade oblong- 
lanoeolate, 7—70 cm x 3-18 cm, base cuneate to 
rounded, apex acute or acuminate, above dark 
green, below \'ery pale green, densely studded 
with pellucid dots. Inilurescence a terminal 
spike up to 20 cm long, erect, appearing be- 

tweiMT the leaf sheaths; peduncle 'A— 20 cm long, 
densely hairj', covered by bladeless sheaths or 
scales; bracts elliptical-lanceolate, 5—7.5 cm x 
L' 5 cm, densely hair>', pale green to white. 
Flowers in pairs in axils of bracts bisexual, 
zygomorphic, 5— U cm long, opening one at a 
tune; calyx tubular, short, with 3 unequal 




Curcuma longa - 1, plant habU; 2, rhizome. 
Source: PROSEA 
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teeth; corolla tubulnr at base, upper half much 
widened and with 3 unequal lobes, white; label- 
lum (central staminode) orbicular to obovate, 
12-17 mm in diameter, with 2 small lateral 
lobes and a large emarginate central lobe, 
white with a yellow central streak, lateral sta- 
minodi's 2 ellipticnl-ohlont,'. c 1 cm "< 6 mm. 
creamy- white, functional stamen 1, tor larger 
part connate with staminodes, 5-6 mm x 3 
oun, anther with a broad. cur\ (Ml \;u-<^f spur at 
bnsr: ovary infcrioi- ^'i-ccllnfi with 2 erect 
glazids at top, style slender, passing between 
and held by the anther thecae, stigma ex- 
panded. Fruif cr jiroduci'd, 

Oilier botanical iufoxmatioii Curcuma oom- 
priaes about 50 species and is native from India 
to northern Australia; several species have 
been introdiut'd in other tropical regions. The 
identity of Curcuma loiiga as a species needs 
better investigation. In Asia a group of closely 

related species is now distinfjiiished solely by 
the different colours of the bracts, corolla, 
leaves or ihizomes, but in fact they form a sin- 
gle complex species around Curcuma loiiga. In 
some countries especially India, several not 
oflicially recorded cuilivars are distinguished 
by the names of the localities in which they are 
grown some types beinR preferred for spice use 
(e.g. Madras type with up to 3.5H curcuminoid 
pigments), others for dyeing (e.g. Alleppey 
typo, with up to 6.5% curcuminoid pigments). A 
thorough revision is needed to establish reU- 
able cultivar groups and cultivars, 

Growtii aibd devdopment During establish- 
ment, sprouting of sets of turmeric is cnmpleted 
in 2-4 weeks; this is followed by a period of 
active vegetative growth. Flowering and ihi- 
zome development start abnui ^ months after 
planting. Active rhizome (ievelfipmenf contin- 
ues for about 7-10 months, dependmg upon 
cultivar and climatic conditions; then the lower 
leaves tum ysllow and the crop is ready for 
Ufting. 

Ecology Turmeric requires warm and moist 
conditicms. It can be cultivated in most areas of 
the tropics and subtropics pmvided ramfall is 
adequate (1U00-20UU mm) or facilities for irri- 
gation are available. A well-distributed rainfall 
of 1200-MOO mm in 100-120 days is optimal 
Cultivation has been extended into areas with 
over 2000 mm rainfall. Turmeric is grown up to 
altitudes of 1200 m in the Himalayan foothills 
but it performs better at altitudes of 1.50-900 
m. Optimum temperature ranges are 30-35*C 
during sprouting, 26-30*C during tillering, 20- 
26'C diuring rhizome initiaticm and 18-20**C 



during the bulking .stage. Turmeric is grown in 
various soil types, but prefers well-drained, 
loose and friable, feortile loam or clay loam, 
with good organic matter status and a pli of 
5—7.5. It cannot stand waterloggmg or alkaline 
soils. Gravelly, stony and heavy soils are un- 
suitable for the development of rhizomes. As a 
shade-loving plant it does well in partial shade 
and can be cropped under fruit trees. 

Propagation and planting Turmeric is 
propagated vegetal ively l)y rhi/omes. Mother 
rhizomes, whole or cut into pieces, and daugh- 
ter riiizomes (fingers) are generally used. As 
seed material mother rhizomes are better than 
daughter rhizomes. However, it has also been 
stated that large daughter rhizomes sprout 
better and produce higher yields than mother 
rhizomes. Finger rhizomes store l)etter are 
more tolerant of wet soil conditions and can be 
planted at a lower density. It is necessary to 
store rhizomes for 2-3 months from hnncst lo 
planting. This may be done by spreadmg them 
thinly under a covering of turmeric leaves or 
storing them in heaps imder a layer of straw 
and soil. 

The field should be well prepared by ploughing 
or digging and turning over to a depth of about 

'.'[) cm to |iro\-ide a good (illh. Large quant it ies 
of organic manure (farmyard manure, oilseed 
cake, green leaves) are usually apphed. The 
optimum is rqjorted to be about 25 t/ha of cat- 
tle manure or compost and 65 kg/ha of N 
through oilseed cake. Turmeric is generally 
planted by one of two methods: the flat-bed 
method ni- the ridge and furrow method Tlu- 
flat -bed method is generally better, but in sites 
with excessive or deficient moisture the ridge 
and furrow method is sujjcnor. facililating 
drninnge anrl n-ngation. Ridges should be 20— 
25 cm high and 15-50 cm wide and the rhi- 
zomes planted at a distance of 30-40 cm, at a 
depth of 7 .T cm. A spacing of 2.5 cm y- 25 cm for 
the flat-bed method is optimal However, good 
results have been obtained at spacings of 30 cm 
X 15 cm and 16 cm x 15 cm. If turmeric is 
intercropped, spacing is adjusted ficcordinyly 
I'lanting time depends on cultivar, planting 
material and agroclimatic conditions. Rapid 
multiplication of turmeric has been reported 
usmg in vitro culture of young vegetative buds 
excised from sprouting rhizomes. Plantlet for- 
mation occurred throughout the year without 
exhibiting the usual dormancy period of field- 
grown plants. 

Bfanagement After planting it is beneficial 
to mulch with locally available leaves, straw or 
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sugarcane trash. This practice improves rhi- 
zome esfnblishment, suppresses weeds and 
increases pi mt height and rhizome yield. It is 
recommended tu apply a mulch of green leaves 
twice at a rate of 15 t/lia, at planting and 60 
days after planting. After-plcmting care con- 
sists of weeding, irrigation, protection against 
diseases and pests, and apphcation of fertiliz- 
ers. Early weeding may be avoided by the use 
of 2,4-0 as a pn -ciit i u'l nee herbicide. Three to 
four hooinps followcil by wc^rdinp at ropular 
intei-vals are desirable. Eai-thmg-up may be 
neoessaiy about 8 weeks after planting. 
A good soaking of the field at planting is Ixne- 
ficial, followed by a weekly irrigation until 
sprouting is completed, after whidi less fre- 
quent watering is required. Turmeric, being an 
evhausfive crop requires heax'j' manuring for 
high yield. Under rainfed conditions the appli- 
cation of ammonium sulphate at a rate of 100 
kg/hn has boon reported to increase yield by 
nearl}' 100%. Response to phosphorus at a rate 
of up to 175 kg/ha and in combination with other 
nutrients has also been reported. A| i 1 1. i ion of 
potassium significantly increases plant iieight. 
and ihe number of tillers, leaves, and mother 
and daughter rhizomes. Among micronutrients, 
response's lo iron and zinc have boon reporlod 
(50 kg each of FeS04 and ZnSO.^. However, rec- 
ommendations of fertilizer application dififer 
widely from place to pbico. 

Diseases and pests Leaf spot or leaf blotch, 
and rhizome rot are the most important dis- 
eases of turmeric. Leaf spot or leaf blotch, 
cau^c'l by TapJtriiKt iixiliiratis, is characterized 
by the appearance of spots on both surfaces of 
the leaves, 1—2 mm in diameter, coalescing 
freely. Infected leave« are distorted, have a 
reddish brown apponrnnco and soon become 
yellow. The disease can be controlled reasona- 
bly 1:^ Bordeaux mixture, ethion and zineb. 

Cultivnrs resistant to the di.'iease are available. 
Another leaf si)f)t disease is caused by Collelo- 
triehum eapsici, provoking spots of variable 
size, enlarging to 4-^ cm x ;f rm and frequently 
coales<Mng over most of the leaf, which then 
dries up. In very severe infestation most leaves 
dry up, presenting a scorched appearance, re- 
suiting in yield losses of more than 50%. The 
disease can be checked by spraying Bordeaux 
mixture once before symptoms appear. Captan 
and zineb, applied at monthly intervals, control 
the disease adequately. Planting materials 
should be selected from disease-free areas and 
treated with an authorized fungicide before 
planting. Excess shade and intercropping fa- 



vour the disease. 

Rhizome rot caused by Pythium aphaniderma- 
turn shows progressive dn.'ing-up of the leaves 
of infected plants The base of the aerial shoots 
shows water-soaked soft lesions. As the disease 
progresses infection gradually passes to the 
rhizomes, which begin to rot and l>ecome soft. 
The bright orange colour of the rhizomes 
changes into brown. The disease may be con- 
(in< I I 1 few isolated plants or may o<(ur in 
patihi s. In severe attacks the yield is consiil- 
erably reduced. One of the effective control 
methods is eradication and burning of infected 
plants. In serious cases it may be advisaldc to 
disinfect the soil with an authorized fungicide 
(e.g. metalaxyl and manoozeb). Treating the 
planting material with a fungicide helps pre- 
ventint; the disease. Some cultivars (e g. 'Su- 
varna in India) have shown field tolerance. 
Pests of turmeric include shoot borers, leaf- 
eating inserts, sucking insects and nematodes. 
In Asia caterpillars of the shoot borer Cono- 
geihes punctiferalis (sjmonym; Diehocroeu punc' 
tiferalis) attack the central shoot, causing it to 
die ( dead heart ) Monthly sjiraying with mala- 
ihion controls the insect. In India the hesperiid 
caterpillar Udaapea fblua Cgrass demon') is also 
n .serious foliage fr-iMling insect. It is rect)m- 
mended to spray carbaryl, dimethoate or phos- 
phamidon for its control. In Africa and the 
South Pacific the scale insect Aspidiella hartii 
is a sucking insect infesting rhi/omes while 
still m the field. It multipUes on fresh rhizomes 
being kept for seed. The infested rhizomes ul- 
timately <lesiccate. Control is achieved by dip- 
ping the seed rhizomes in phosalone, monocro- 
tophos or quinalphos. Two hymenopteran para- 
sites, Physcus sp. and Adelencyrtiia modemtus, 
attack this pest Tn Asia the tinged bug. 
StepiuuiiUs iypiva, causes leaf discolouration 
by suddng the sap. Thrips also auck the leaves, 
which then roll up, turn pnle and prndually drj- 
up. The nematodes recorded in turmeric in- 
dude root-knot nematode {MdmdogyM incog- 
mta) and bunowing nematode {Radapholua 
siuiilis) 

Harvesting Turmeric is ready for harvest 
7— 10(-I2) months after planting, when the 
lower leaves turn yellow. HaTN'osting is done by 
digging. Care should be taken not to damage 
the rhizomes and to ensure that the whole 
clump is lifted together with the dry plant. 
Leafy tops are then cut off roots and adhering 
earth removed, and rhizomes are well washed. 
Hie finger riiizomes are separated from die 
mother rhizome. A few rhizomes may he used 
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fresh nnd, oxcopJ for those that are required for 
replanting, the remainder are processed. 

Yield The average yield of fresh turmeric 
rhizomes is 17-2-1 t.lui if the ci-op is ii-ni;;tti'<l 
and (i.5-9 t/ha under ramfed conditions. How- 
ever, yields depend largety upon the cultivar. 
Soiiif cultiviiis are capable of yielding 30-36 
t/ha of fresh turmeric rhizomes. 

Handling after harveat To develop the 
attract iv{» yellow colour and the diaracterist ic 
aromn fhi- cleaned rhizomes nve rooked in hoil- 
ing water for 1 hour under slightly alkaline 
conditions. The cooked material is dried in the 
sun for 6-8 days. Hot-air dryers are also used 
Dried rhizomes are polished to smooth their 
exterior and also to slight ly improve the colour. 
The polishing can be done in a simple rotating 
cylindrical sjalvanized iron drum turned Ijv 
hand, or in other types of equipment. A small 
quantity of turmeric powder qprinkled in dur^ 
int,^ polishing gives the product a good appear- 
ance. 

In its simplest form, the method used to dye 

leather in Nigeria is merely to make a paste of 
t}i(> pulverized turmeric rhizome with water, 
and rub it well into the tanned hide after 
lightly oiling the surface. Hie hide is then 

washed with a W(vik mixture of lime juice and 
water, and dried. In the north-eastern Provmce 
of Borau, the hides to be dyed are not oiled, 
and the dyestufT is prepared for use by mixing 
with water and a mineral containing sodium 
(bi)caibonate. This mi.xture turns the hides 
almost red, but the colour is purified to yellow 
by washing with lime juice and water. In 
Sokoto in north-western Nigeria, cotton cloth is 
dyed by dipping it into the dye paste and rub- 
liint: the paste well into the cloth with the 
hands, .\ftr r a few tninutes a piece of tamarind 
paste is added and the mixtui-e again rubbed in 
(the tamarind paste is prepared from entire 

pods which are sonl<od in cold w.-itrr .and then 
gradually warmed m a vessel over the lii-e to a 
temperature that can still be easily handheld; 
the soft pulpy mass is then wrapped in leaves 
and kept for use). Then the cloth is taken out. 
shaken and exposed to the air for 2-3 minutes 
while wiping off any adhering moisture. Then 

the cloth is again dipped into the dye bath and 
the mixture again rubbed in for about a min- 
utes, after which it is wiped clean and hung up 
to dzy. Another simple method of dyeing with 
turmeric used in Ethiopia is to put the cloth 
to be dyed into a boiling decoction of the tur- 
meric paste. In Asia turmeric is mostly used for 
cotton and silk doth to obtain various shades of 



golden to ornnge-yellow. In Europe it was used 
in wool dyeing, to obtain special shades of 
golden-yellow in combination with weld (Re- 
si'Jii litteohi L ) and bright scarlet where tur- 
meric was applied as a gixjund-dje for cochi- 
neal (Daetylopuia eoeeu»). 

Genetic resources A germplasm collect if >n 
of 500-600 Curcuma longa accessions is main- 
tained at the NBPGR Regional Station, Thris- 

sur, Kerala, In lia 

Breeding The average productivity and 
quaUty of turmeric are far from satisfactory. 
Until recently, there has been hardly any work 
on crop ini]>ro\'enient in Curcuma longa, be- 
cause conventional methods of breeding are 
hampered by problems of sterility. Clonal se- 
lection is now being applied to exploit the 
naturally occurring; variation, and mutation 
breeding is being practised. The major breed- 
ing objectives are creating cultivars with high 
yield and appropriate curciimin content nnd 
colour tone, without excessive volatile oil con- 
tent and with resistance against ihizome rot. 

Prospects Curcuma longa is an important 
food colorant, spice and medicinal plant, The 
grow ing demand for turmeric as a spice and as 
a safe food colouring agent in local as well as 
international markets indicates that its pros- 
pects are good. Crop improvement, agronomic 
researdi and pest management need to be un- 
dertaken to obtain high production levels and 
good quality. Txirmeric is an interesting crop 
for incorporation m a mixed croppmg system 
with shrubs and young trees. Studies on the 
bioactive comjiounds of the rhizomes have 
opened up new possibilities for the use of tur- 
meric in pharmaceutical products. Given the 
dominant position of India in both production 
and trade it will be difficult for Ihe crop to 
e.xpand m Africa for the mternational market. 
Expansion for local use may offer better oppor* 
tun it ies 
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Danais UGU8TRIP0UA Baker 

Proiologue Joui'n. Linn. Soc, Bot. 20: 162 
(1883). 

Family Riihinco;).- 

Origin and geographic distribution Daiiaia 
ligiisiri folia is endemic to Madagascar. 

Uses The roots of Danais liguatri folia ace 
one of the main aourees of orange to ted dyes, 
used in truditiunal lexliles in Madagascar lu 
dye raffia and silk. Red is one of the most im- 
port nni colours in these textiles, for instance in 
rallia ikats. Raffia ikats are long pieces of 
raffia cloth in whidi some portions of the warp 
yams are tied with thick threads to protect the 
patterns before dyeing the ynm; successivp 
patterns of tymg and dyeiiig in different dye 
baths create multicdoured designs, usually in 
the natural i\ ory colour of the raffia fibre, red, 
orange or pink, two shades of blue, black and 
yellow or green. Red vegetable dye is also very 
important in lln l.miha mena fine textiles 
used as shrouds l'>rt'iiii' dyeing it with tho roof 
oi Danais ligusli i/ulia, the fibre is prepared by 
boiling it in water to which ash is added, tben 
it IS washed and dried. The r(")ts of Danais 
liglistiifolia are pounded and put into almost 
boiling water; usually 2 parts of root with 3 
part-< of w ater make up the total volume of the 
dye bath. Then the fibre is added, submerged 
and left for 1— (J hours, depending on the inLen- 

sity of the colour wanted. Subsequently the 

dyed fibre is washed again and dried. Many 
Dctnau species also have medicinal uses in 
Madagascar and neighbouring islands, the 
roots being used against herpes and the hark 
as a fi 'linfiige. 

Properties Like olher Danais species, the 
bark and roots of Daiiaia ligustrifoUa, most 
probably contain the anthratiuinones danain 
and danaidin, which are the sources of the or- 
ange and red djres obtained from these plants. 
The leaves of in.my DcmaU species contain 
high proportions of aluminium (up to 1% of the 
dry matter weight in Danais fragrans (Comm. 
ex Lam.) Pera.), which can be used as an or- 
ganic mordant since aluminium salts are the 



most useful .substances employed in dyeing 
processes, to strengthen and multiply the 
chemical bonds between textile fibres and most 

irit u r:\\ lives 

Botany Liana or climbmg shrub, with stems 
up to 25 m long. Leaves decussately opposite, 
simple, entire, glabrous; stipules deltoid, c. 2 
mm long; petiole 3-10 mm long; blade elliptical 
to lanceolate-ovate, 3-12 cm x 1.6—4.5 cm, base 
cuneate. ai)ex acuminate. Infloresoenoe a usu- 
ally terminal, pyramidal panicle with cymose 
branches, up to 11 cm x lo cm; peduncle up to 
3.5 cm long. Flowers bisexual, regular, 5- 
merous. heterodistylous fragrant: pedicel up to 
1 mm long; calyx tubular with triangular lobes 
up to 2.6 mm long; corolla tubular, tube funnel- 
shaped, up to 1,5 mm long, greenish white, 
hairy in throat, lobes oldong. up to 2 mm long, 
yellow -orange; stamens included in long-styled 
flowers, exserted for c. 4 mm in short-styled 

flowers: ovary inferior globose r. 1 mm in di- 
ameter. Style plus stigma d-^ mm long in long- 
styled flowers, shorter than corolla tube in 
short -styled flowers, stigma lobes 2. Fruit a 
gloiiose capsule e, .'1 mm in diameter thin- 
w ailed, glabrous. Seeds c. 1 mm in diameter, 
dark brown, with a broad, irregularly lacerate 
wing 

Danaia comprises about 25 species, most of 
them endemic to Madagascar. The genus is 

closely related to the Madagascan genera 
Srhi.'sniafnrlafia (about 20 species) and Payora 
(about 10 species), the 3 forming a complex 
partly fitting in subfamily Rubioideae, and 
partly in subfamily Cincfioiioideae, which 
makes its systematic position m Rubiaeeae still 
unclear. Danais ligu. si ri folia closely resembles 
Ihuiai.t mieror<"/>ii Baker, also endemic to 
Madagascar whose leaves are usually smaller. 
The roots of several other Danais species are 
similarly used as sources of red dyes, the most 
itnportnnf species being Danais rfninn RnKi i- 
Danais rhamnifolia Baker (synonym: Danais 
eht^Ueri Drake) and Danais volubiUs Baker 
(8yn<mym: Danais latisepala Homolle). A paste 
of pounded rontbaik of Danais rlianinifoh'a 
dyes raffia a darlv blood red. With some lemon 
juice added, the roots of Danais eentua dye a 
deep red while those of Danais loluhih'.i dye 
more orange. Danaia cemua is widespread all 
over Madagascar; its leaves are mostly oppo- 
site, but occasionally arranged in whorls of 3 
and measure up to 9 cm x I cm. \\Tien its tis- 
sue is damaged an unpleasant foetid odour is 
emitted, possibly caused by the iridoid glyco- 
side paederoside. Danaia vtdubilia, raidemic to 
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Madagascar, has its leaves always in whorls of 
3 (or sometimes 1) and has larger flowers and 
fruits, Lktnaia riiamnifolm is endeniK' in east- 
ern MiitliigMscfir and is closely related to 
Danais inici-ocarpa and Dauaia ligusln/oUa. It 
has larger, membranous leaves, larger mflores- 
cences with flowers that have typieally thin, 
filiform corolla tubes. Flowering of Danais 
ligtistri folia is mainly in March-June, fruiting 
in October— rJune. 

Ecology Ddriiiis lininftrifnlin orciirs in the 
eastern lowland ramforest of Madagascar, some- 
times in vallesrs and ravines, from sea-level up 
to lOOn m altiUide 

Genetic resources and breeding Daiiain 
ligustrifoUa is rather widespread in Madagas- 
car and does not seem to be in danger of ge- 
netic erosion as long as its habitat is not oi- 
dangered. 

Prospects Dmuus ligustrifoUa and other 

Danais speHes represent interesting sniireesof 

orange to red dyes, with the aluminium pre- 
sent in the leaves functioning as a mordant. In 
Madagascar, several developmrait programmes 

are presently promoting the renewed us*- of 
natural dyes, including the reds from various 
Danaia species, in the production of raffia, silk 

and mohair textiles, in^ired by traditional 
textiles and created by young Malaga^ fashion 
designers. Possibilities for cultivation and 
chemical oompoeitions deserve further investi- 

gntion 

Major references Boiteau, Boiteuu & Al- 
lorge-Boiteau, 1999; Decary, 1946; Puff & 
Buehner Utn 1 

Other references Buchner & Pufi', 199^; 
Jansen et al., 2000; Jansen et al, 2003. 

Authors P.C.M. Jansen 

DiOSFYROS LOUREISIANA G.Don 

Protoiogue Gen. hist. 4: 39 (1837). 
Family ETbenaceae 

Synonyms Dio^tyroa macrocalyx Klotzsch 
(1861) Royi'iio macrocalyx (Klotzsch) Hurke 
(1895), Diuspyros usainbareiisis 1* . While (1963). 

Vemaeidar names Dye dioepjnros (En). Nha- 

miifji'iii;! '-"' ii Mdii'i iinlala mweiipe fSwl 

Origin and geographic diatributiou Uiospy- 
roa katreiriana is common and widespread in 
Kenya, Tanzania, Malawi, Zimbabwe and Mo- 
zambique. 

Uses In Kenya a black dye for mats and 
wickerwork is extracted from the roots of 
Dioapyroa loureinana by pounding and boiling. 



The fibres to be dyed are steeped into the solu- 
tion and then mordanted in block ferruginous 
mud, iron sulphate or iron rust dissoh-ed in 
organic acid, A black dye for raffia and coltDn 
cloth can also be extracted from the pounded 
bark and applied in the same way. In Mozam- 
bique a dark red dye used to redden lips am! 
teeth is obtained by crushing the roots into a 
pulp. The fruits are edible. The wood is hard 
and white and can be used for small utensils 
and as firewood Chew ed iVesh roots and n root 
extract are applied externally to snakebites, or 
the extract is dnmk. 

Properties The dyeing properties of the 
bark and roots are due to a combination of 
naphthoquinones and naphthoquinone dima» 
and t rimers, among which 7-methyljuglone, a 
derivate of juglone. the dye piresent in walnut 
trees {Juglana spp.). The proportions of these 
colorants have been found to vary according to 
the seasons. The main components isolated 
from the root bark of Diospyroa loui-eiiiana 
collected in the rainy season in Tanzania 
(January) are the naphthoquinones diosindigo 
A T-methyljuglone, mamegakinone diosindiyo 
B and bis-isodiospyrin. The mam cxjmponent of 
dried powdered root bark collected during the 

(Ity season (Sepitemlier) was 7-methyljuglone. 
The stem bark contains diosindigo A and 7- 
methyljuglone. Dried powdered root baric has 
fungicidal and moUuscicidal properties. In bio- 
assays it was found that ."i ppm 7-mefhyljuplone 
was lethal to Bioniphalaria glabiatu snails 
within 24 hours, and 0.025 \Lg was sufiBcient to 
prevent growth of the fun^jiis Chulosixniiiin 
cucumeritium. Tnterpenoids (mcluding a- 
amyrin, betuHnic add and various mixtures) 
were isolated from the leaves. 

Botany Dioecious, semi-deciduous shrub or 
small tree up to 6(-10) m tall; bark corky, 
rough, deeply fissured, grey or blade; twigs 
with reddish hairs. Leaves alternate, simple 
and entire; stipules absent; petiole up to 1.5 cm 
long; blade oblong to obovate-oblong, 1-12 cm x 
1—7 cm, base rounded to slightly cordate apex 
rounded to acute, almost glabrous to densely 
pubesc-enl below, lateral veins in 5— U pairs. 
Inflorescence an axillary <;yme, few-flowered. 
Flowers unisexual regular, 4-merous; pedicel 
up to 1.5 cm long; calyx 3-4 mm long, deeply 
lobed, lobes triangular, reflexed, accrescent in 
friut; corolla 4-lobed almost to the base, 4-6 
mm long, white, yellow-white or green-white; 
disk undulate; male flowers with 8 stamens 
and rudimentary ovary; female flowers with 
superior, 8-oeUed ovary crowned by 4 styles 
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united at base, and 8 stamuiodos. Fruit a glo- 
bose berry up to 3 cm in diameter, yellow, 
shortly hairy, up to S-seeded, enclosed by the 
calyx lobes. Seeda up to 14 mm x 7 mm, dull 
brown, smooth. 

IXospyros is a large, pantropical genus of about 

500 species: in tropical Africa about 90 spi'cies 
occur and several species produce valuable 
timber or edible fruits. Many species are used 
as a dj'e sourct» in .Africi I he roots of 

Dio.tpyi-n.i lyciniili'.i Desf. yield a fiopular yel- 
low-brown dye ui southern Africa, but the spe- 
cies is most important for its fibrous roots cmd 
twigs used as tnothbrush sticks, A Ifjif dccoc- 
tiou of Diospyros aoubretuia F.White gives a 
hl^dx. ink that is used in Cdte d'lvoire, but the 
species is mure important medicinally. Two 
subspecies have been distinguished in Diospy- 
ros loui-eiriaiia, mainly based on differences in 
hairiness, but intermediates exist. 

Ecology Dtnspyro.t Intirftrioiia is very com- 
mon on poor soils in sunny locations in wooded 
or grassy savanna, often in Bmchystegia- 
Julbeniardia woodland, fixim sea-level up to 
750 m altitude 

Genetic resources and breeding Dioapy- 
roa loureirUma is widespread and not in danger 

(if i^i-nct i<- ci-osii in. 

Prospects Dioapyros loureiriaua is a good 
source of fast reddi^ brown to blade dyes that 
will remain locally us^il in the basket- 
weaving craft. The medicinal properties need 
further investigation. 

Major referenoea Burtt, 1935; Greenway, 
194 1: van Wyk & Gericke, 2000; White & Veid- 
oourt, 1996. 

Other refSerenees Goates Palgrave, 1983; 
Khan, Kishimba & Locksloy, 1989; Khnn 
Nliunyn & Wevers, 1980 Kokwnro, 1993; Mar- 
ston, Msonthi & Hostettmann, 1984; Miege, 
1992; van der Vljver & Gerritsma, 1973; van 
Her Vijver & '^lerritsnin 1971; Watt & Brsyer^ 
Brandwijk, 1962; White, 1983a. 

Authors P.C.M. Jansen 



ELEPHANTORRHIZA ELEPHANTLS A (Burch.) 
Skeels 

Protologue U.S. Dept. Agric Bur. PI. Ind. 
BuU. 176: 29 (1910). 
Family Kfimosaoeae (Leguminoeae - MSmo- 

poideae) 

Synonyms .4cac<« elephautiiia Burch. (1821), 
Elq>hantorrhizabu.rchellii Benth. (1841). 
Vernacular names Elephant root, elandsbean 



(En). 

Origin and geographic distribution Ele- 

phantorrhiza elephantina is found m southern 
AfricM in Xamilna. I^otswana. Ziinliabwf, Mo- 
zambique, Swaziland, Lesotho and South Af- 
rica. 

Uses Tb( b.irk of the tuberous rhizome (usu- 
ally mduding the roots) of Elepiiaiilorrhiza 
elephantina is a popular source of tanning and 
dyeing niat<'rials <-ollecte(l from the wild and 
sold on Incnl markets in southern Africa. Rhi- 
zomes or their bark only are crushed, some 
water is added and the resulting paste is ap- 
plied to hides to tan and dye them a reddish 
colour described as a pale wine colour in Bot- 
swana. Hiis treatment also serves to soften the 
leather. To dye grass for mat and basket weav- 
ing, the pounded rhizomes are boilfd with the 
grass for several hours, giving a khaki, brown 
or reddish brown colour. The young dioots are 

eaten by livestock. The seed has n sweetish 
taste followed by a burning sensation, but 
roasted it has been used as a coffee substitute. 
Medicinally, the rhizome is used as a general 
remedy for intestinal and abdominal com- 
plaints (diarrhoea, dysentery, stomachache, 
painful menstruation) for humans and ani- 
mals, as a rehef for heart t roubles and haemor- 
rhoids, and to cure skin diseases and acne. The 
root is steeped in water for 24 hours or longer, 
after which it is strained and ready for extern 
nal use. For internal use, the infusion has to be 
boiled tor 10 mmules lust. The face is held in 
the vapour arising from a warm infusi<» to 
ti(';i1 ;icne In Zimliabwe an infusion is taken 
by women against ml'ertility and as an aphro- 
disiac. 

Properties The rhizome of Elephanlorrliizd 
eU-phtiutiiui contains 0-22% tannin and 17% 
sugar. The bark contains 25-30% tannin. The 
rhizome extract contains too much sugar for 
commercial exploitation as it tends to ferment. 
The leather gets d^'ed in reddish tones that 
may be undesirable when light-coloured 
leather is needed. Dye experiments on wool 
with a rhizome e\t rart t,'a\ e different colours 
according to the mordants used, e.g. yellow 
with stannous chforide, golden to orange with 
chromium chloride oranpe-brown with ammo- 
nium molj'bdate, black with ammonium va- 
nadate, and salmon with sodium wolfram or 
zinc sulfate. The seed yields 10% of a fixed oil. 
The seed is toxic to sheep (lethal dose 2.50 g), 
rabbits (lethal dose 5-7.5 g/kg) and gumea- 
pigs, causing gastro-enteritis and pulmonary 
oedema. 
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Botany Low shrub, producing at ground 
level annual stems 20-90 cm tall from the 
woody end of an elongate, often thickened i4ii- 
zonit^ up ti) 8 m long. Leaves alternate. l)i|iin- 
nately compound, almost glabrous; petiole up 
to 8 cm long, radus up to 18 cm; pinnae 2-4 
pairs in lower leaves, 7-17 in upper ones axis 
up to 10 cm long; leaflets up to 55 paira per 
pinna, linear to oblong, 4-16 mm x 0.6-2.6 
mm, base as^'mmetric, apex acute and usually 
mucronate. Inflorcsrenro nn axillarj' rnrrmr'. 
usually confined to the lower part of the stem, 
solitary or clustered, including peduncle up to 

12 <-m long. Flowers lusexual regular. 5- 
merous; pedicel up to 1.6 mm long, at base with 
red-brown glands, articulated near the middle; 
calyx campanulate, almost 2 mm long, toothed; 
petals free or slightly connate basalK linear- 
oblong, 2—4 mm 1 mm, yellow-while; stamens 
10, free, filaments up to 6.6 mm long: ovaty su- 
perior shortly stiftitntr- style filifnrm stipmn 
terminal. Fruit a compressed-oblong, straight or 
sUghtly curved pod 6-21 cm x 3-6 cm, red- 
brown, prominently transversely veined, often 
swollen o\-er the seeds, the valves separating 
from the persistent margins, the outer layer of 
the fruit wall peeling off the inner layer and 

the layers breaking up irregularly. Sectls eom- 
pressed-ellipsoid, 18—26 mm x 13—18 mm x 6— 

13 mm. 

Elcphaiilnrrhiza rompri.scs 9 species, all re- 
strirted to .\fi-ii'a soiifh of the rqiinfnr F.lr- 
phantorrhiza elephaittiiia is quite variable m 
the number of pinnae and number, size and 
<h,ipe of leaflets In the eastern part nf its dis- 
tribution area plants tend to have most pmnae 
with smallest leaflets. The outer layer of the 
ripe fruit is rather hard but readily ahsorlis 
water and starts to disintegrate soon. Seeds 
often germinate withm the moist disintegrat- 
ing fruits on the surface of the soil. 
In Botswana the rhirnmo of the related but 
larger Elepliantorrhiza burhei Benth. is also 
used for tanning and dyeing, giving a khaki 
colour, while the bark is used as an astringent. 
The crushed rhizomes of Elcpluiutorrluzu suf- 
fruticosa Schinz, found from Namibia to Mo- 
zambique, were used as red dye for the tanned 
cow stomachs formerly worn as aprons or 
skirts by the Kwanyama Ovambo women of 
northern Namibia. In Zimbabwe the rhizome is 
applied against constipation ami diarrhoea. 
From the mots and stem of PJri)haiitnrrhi:a 
goetzei (Harms) Harms, a small tree found 
from Angola to Tanzania and further south- 
wards, compounds (e.g. flavans, stilbene gly- 



cosides) with promising antimicrobial and 
anthelmintic activities have been isolated. In 
Malawi its fibrous stem bark is used as rope 
and the tannin-rich roots as a fish poison 

Eicology Elephantorrhiza elephaiilina often 
occurs gregariously in hot, dry areas with 

giassland and "i'* !! scrub. 

Genetic resources and breeding Although 
Elephaiitorrhiza 0lephantuia is widespread, 
overharvesting of rhizomes for tanning or me- 
dicinal purposes might endanger populations 
so that germplasm collection is recommended. 

Proqpecta Elephanlonitiza elephantina is 
only of minor importance locally in rural areas 
in southern Africa as a tannin, dye and medi- 
cine source. More research is required for reli- 
able c.vpectations 

Major references Rodin. lySo; Ross. 1974; 
van Wyk & Gericke, 2000; Watt & Breyer- 
Brandwqk, 1962. 

Other references Brennn, 1970 'lelfnnd d 
al., 1985; Molgaard et al., 2001; Moyoa, Gasheb 
ft Majinda, 1999; Neuwinger, 2000; Hiillips, 
1923; Ross, 197-5: van Wyk, van Oudtshoom & 
Cpncke 1997; Wanjala & Majinda, 2001; Wil- 
liamson, 1955. 

Audiom P.C.M. Jansen 



EUCLEA DIVINORUM Hiem 

Protologue Trans. Camb. Phil. Soc. 12: 99 
(1873). 

Family Ebenaceae 

Chromosome nvunber 2/; = 30 

Synonyms Ettclea kenieiisis K.E.Fr. (1925). 

Vernaenlar names Magic gwarri, diamond- 
leaved eudea (En). Mdaa, mdala, msirisha 
(Sw), 

Origin and geographic distribution Kiu lf<i 
divittomm is widespread from Sudan and 
Ethic^ia to Namibia, Botswana and South Af- 
rica. 

Uses The bark of Ekiclea divinorum is col- 
lected from the wild and used to produce fast 
reddish4)n)wn dyes, and for tanning hides and 
skins. Dyeing is important e.g. in Botswana, 
where strips made of the young leaves of the 
palm Hypfifirni' petersiaiut Mart, used in bas- 
ket weavmg are coloured various shades of 
brown. Depoiding on how long the fibre to be 
dyed is left in the boilii^ dye extr i I col- 
our obtained can range from palv ii» <lark 
brown or black, in Tmizania and southern Af- 
rica, the roots are pounded and boiled to dye 
the various vegetable fibres used in the weav- 
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Euelea diviuomm - wild 

ing of mats into various shades of brown and 

rv'on blnrk when a mordnni of iron-rirh mud is 
applied after dyeing. VMn n used to dye wool, 
the roots give a wide rnn^^e of brown colours. 
Leather produced by tanning with Euclea divi- 
itofiiin liiirk has n di-cp red colour dut- to the 
numerous naphtlioquinones present in the 
plant. The bark provides an attractive altema- 

livr- to black wattle ( Icacin mmmsM De Wild.) 
and other available lannmg barks. 
In East Africa an infusion of the bark is used 
as a condiment in the preparation of a fatty 
meat and milk snnp Tin- thin flrshy part of the 
fruits is edible, but not very palatable; fruits 
are taken as a mild laxative, but can have 
stront,' purgative action. The fruits are used as 
a purple dye for basket fibres by the Kwan- 
yama Ovambos of northern Namibia and also 
boiled to produce purple ink. They are applied 
in the formontation prorpss to make boor The 
roots and twigs are popular as toothbrushes 
and roots are chewed as a disinfiMtant and to 
roknir the lips and mouth rod. Tn East Africa 
the wood is used for tool handles and carving, 
and as firewood. In traditional medicine root 
extracts and dried powdered roots are appUed 
for the treatment of j^astro-intestinal distur- 
bances, cancer, ulcers, wounds, arthritis, mis- 
carriage, jaundice, snakebites and gonorrhoea. 
Tho Shan pa an pooplo apply cround roots on 
the skin against leprosy and to relieve head- 
ache and toothadie. In western Kenya Euelea 
divmontin is oneof tbe species used in tlic treat- 
ment of milk to inrrpase its digestibility, pnint- 
abihty and preservation; sometimes treated milk 
can be stored fior over a year without turning bad, 
which is vital to the houadiold fimd security. Tn 



south-western Ethiopia Euelea dn inoniin is used 
to puri^' drinliing water by adding branches to 
the gourds <« pots and h aving them to soak in 
the water for seveial hours. Occasionally. Eu- 
clea diiiiiomtn serves as an ornamental and 
shade tree. 

Ftoduction and international trade Bark, 
root% twigs, fruits and wood of Euclea divi- 
nomm are collected from the wild and traded 
only locally: they do not enter international 
trade. Twifjs and roots for use as toothbrushes 
are often sold on local markets. 

Properties The bark of Euclea divinomm 
has a high tannin content, .\nalyses of bark 
collected in Tanzania revealed a total phenolic 
oontoit of 122-148 mg/g, a water soluble phe- 
nolic content of 77-87 mg/g and a tannin con- 
tent (measured by protein precipitation) of VI l- 
95 mg/g. The tannin/nun-tannin ratio among 
extractable phenolics is 2.4 and compares weU 
with the most promising eastern .African aca- 
cias in terms of tanning potential. Dried bark, 
boiled for 1.5 hours in water, yielded a tannin 
liquor with a strength of 7 i^e (specific gravity 
(s.g.) 1,0501 using a Baume hydrometer) The 
best result fur other locally available barks was 
obtained finm Aeeuiia nHotica (L.) Delile: it 

reached only Re (s g. 1.0205)). For tanning 2 
Be (s.g. 1.U138) is sufficient, but the advantage 
of die higher strength reached with bark of 
Euclea divitwrum is that less bark is necessary 
to tan a given quantity of hides or skins to 
leather. 

The root-bark of Euclea divinomm contains a 

rich combination of dyeing compounds making 
this species an interesting fast dye that can be 
used with or without the addition of metallic 
salts as mordants, due to the mordanting effect 
of the tannins present in the plant. Txesearch 
on the root-bark done in Zimbabwe resulted m 
the isolation of naphthoquinones and naptho- 
quinonr ilimcrs .ani! t rimers: 7-metbyl.iugl( iin ■ 
(juglone iieing the main colorant in wabiuts, 
Juglans species), isodiospyrin, and flavonoids 
which contribute together to the dj'eing proper- 
ties of the plant Triteipenoids were also iso- 
lated. One of the triterpenuid compounds and 
7-methyliuglone showed ^ototoxicity, the latter 
against .i \\ ider range of cell lines than the 
former. Chemical investigation of the aerial 
parts of Euclea divinomm done in EJthiopia 
resulted in the isolation of 1 navt)noid com- 
pounds: (+)-catechin glycosides of aromaden- 
diin, quercetm and myricetm. 
Some evidence exists that twigs of Euclea divi' 
nomm used as a toothbrush not only dean the 
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teeth but also inhibit growth of t( i th-attacking 
bacteria because of their high polyphenolic 
content. 

Th<> wooil is white with brown <jii)1s nnd is 
heavy, hard and strong. The sapwood is pink- 
ish to cream-ooloured, turning apricot colour on 
ex|iosun' to air. 

Description Evergreen, dioecious shrub or 
small tree up to G(-15) m tall, glabrous except 
for peltate scales on twigs, leaves and inflores- 
cence axes: bark groy -brown red-brown pale 
mauve-grey or cinnamon to black, mostly 
rough with shallow irregular longitudinal fis- 
suri's. flaking longitudinally. Leaves opposili', 
simple; petiole 4-6 mm hmg; stipules absent; 
blade elliptical to rhombic or narrowly rhom- 
bic-lanceolate, up to 12 cm X 4.5 cm. base 
rounded to cuneate, .-ipcx rounded to ornaigi- 
nate, margm often undulate, leather^', pin- 
nately veined but veins usually inconspicuous. 
Inflorescence an axillaiy donso and contracted 
false raceme up to 1.5 cm long, sometimes 
paired. Flowers imisexual. regular, 4^- 
m^ous; calyx shalluulv rup-shajied with ob- 
tuse-triangular teeth; corolla deeply cup- 
shaped. With while to pale yellow or salmon 
buff lobes, bristly hairy along the midribs; male 




Euclea divinomm - 1, flouering bixinch; 2, 
male flower; 3, fruits. 

Redrawn and adapted by lakak Syammdm 



flowers c. 3.5 mm long, with 10-17 stamens in 
2 rows; female flowers smaller, without stami- 
nodes, ovarj' yellow, bristly haiiy, 1-celled, 
styles 2. Fruit a somewhat flc'^hy glnlxisc berry 
5-7 mm in diameter, bi-own-black to purple 
with short white hairs, usually l-seedetL Seed 
globose. nun in <liainoter, with 3 radiating 
lines from the apex, brown. 

Other botanical information Euclea com- 
prises about 12 species and is confined to Af- 
rica and .\raV>ia South Africa is richest in spe- 
cies. Euclea divinomm is less variable than 
other Euclea species. Specimens intermediate 
bi'tween Euclea divinomm and Euclea cvispa 
(Thunb.) Gilrke (synonym: Euclea laiiceolata 
E.Mey ex DC.) are common in southern Africa 
and are probably hybrids. Euclea crispa is used 
for dyeing mats and for tanning in Malawi (its 
root bark contains 7-methyljuglone and 4 
naphthoquinone dimers), but it is more impor- 
tant as n medicinnl plant. Kiirirn iinfnleiisis 
A.DC. (distributed from Kenya and DK Congo 
southwards to South Africa) has dye and tan- 
nin uses similar to those of Euclea divmorum, 
but is primarily used in traditional medicine. 
The quinones so far isolated from Euclea iia- 
laleiisu include 7-methyljuglone and methyl- 
naphthazarin. the naphthoquinone dimers 
diospyrin, isodiospyrin, birameniaceone. ma- 
megakinone, natalenone, 8'-hy<lro\\ diospyrin 
and eudanone and 2 trimers, gnlpinone and 
another compound of still incompletely eluci- 
dated structure. 

In the basket weaving industry in Botswana, in 

addition to Euclea dii iiinniin. the l)ark of Bcr- 
chemia discolor (Ivlotzsch) llemsl., leaves of 
Indigpfera species and fungus-infested Sor^ 
ghum husks are also used for dyeing the fibre 
m ntorinls rospoctively giving shades of brown, 
mauve and pink. 

Ecology Eitelea divinomm occurs in grasa- 
l.-ind with scattered trees and open bushland, 
often on termite mounds, but also in secondaiy 
forest, margins of evergreen forest and on 
stony slopes, from sea-level up to 2700 m alti- 
tud'> It IS mnderately tolerant of heavy metals, 
toieruting high concentrations of nickel, but 
only relatively low levels of copper, and often 
becomes lornlly abundant on nietnlliforous 
soils. It IS particular!)' common on arsenical 
soils, whidi are often associated with gold de- 
posits or reefs, and it has been suggested that 
it may have value as nn indicator of the pres- 
ence of gold. The successional dynamics of >lca- 
eia-Euelea savannas appear to depend on the 
browsing by large mammals. Euclea thidcets 
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tend to dominate in savanna areas without 

elephnnts. 

Propagation and planting Although En- 

ch'ii iliiinuniin is nircl,\ cultivjittMl. it <-an be 
propagated by suckers, transplanting seedlmgs 
or direct seeding. There are alxnit 30,000 
s<'("(ls/kt,' The sft'ds are porishnble and lose 
viability within about 2 months. They germi- 
nate readily; no pretreatment is necessary. 
Euclea divinomm has « good ooppkatig ability 
find root surkoi^ nro rnmmon, growing up some 
distance from the tree. 

Management Euclea divinomm tends to 
d(unm;iti' pastures to the detriment of wildlife 
and pastoraiism. In some situations only the 
use of ai4)oricides can solve the problem. 

Handling after harvest The (jik ujiu liquor 
is made b\ l>uiling the bark of Eitclcu diri- 
noiuin in water until the required concentra- 
tion is obtained (from 2 = s. g. 1.0138 up- 
ward), l^ides and skins to lie tanned .are 
treated with the extract at ambient tempera- 
tures. For dyeing, the roots are dug up and 
beaten to bruise the bark. Approximately e<iual 
quantities of fresh roots and palm leaves or 
other fibres are required. The fibres and tex- 
tiles to be dyed are simply left for some time in 
the boiling extract and subsequently dried. 
Among the Kwanyama Uvambos of northern 
Namibia, fruits mixed with those of Berehemia 
discolor, ai(' crushed and boiled with palm leaf 
strips and the mixture is allowed to stand for 
one to several daj's to produce a purplish- 
brown dye to decorate baskets. Used alone and 
without mordant, they give a purple colour 
that IS less fast than the darker colour ob- 
tained with the mixture. 

Geaetic resoiirceB Euclea divinomm is 
widespread in Africa and is not in danger of 
genetic erosion. Locally, over-exploitation for 
bark or wood may cause temporary disappear- 
ance. However, due to its great power ef n iyijiic- 
ing and root sudcering, Euclea divinomm is 
less susceptible to over-exploitation than 
and its exploitation could improve pastoral 
land. 

Prospects Wilh its good tanning and me- 
dicinal properties, its interesting dye composi- 
tion and great regeneration power Fin-Iivi diri- 
norum is a very useful and promismg plant, 
even growing well on soils polluted with heavy 
metals. Its baric is considered a high potential 
tanning material offering a cheap alternative 
for black wattle bark in rural pastoral commu- 
nities. In areas where overexploitation has led 
to its local disappearance (e.g. in basket weav- 



ing centres in Botswana), cultivation is reo- 

ommended. 

Major references Cunningham & \filton, 

19«7: Mann. IttCO; R<ulin. 1985: van Grinsven 
I'arkipuny & Johns, 1999; van VVyk & Gencke, 
2000; White, 1983a; White & Verdoourt, 1996. 

Other references Beentje, 1994: Coates Pal- 
grave, 1983; Oagne, Melaku & Sterner, 1993; de 
Wmter. 1963; den Biggelaar & Mueithi, 2000; 
Ferreira el al., 1977; Gelfand et al, 198.1; Homn 
Manji & B.Mtihtnn, 1990; Johns et al. 199.5 Kok- 
waro, 1993; Mhuya et al., 199 1; .Vlebe, Cordell & 
Pezzuto, 1998; Pahner & Pitman, 1972-1974; 
Smith & Goodman. 1987: WiM, 1974:Tabuti. Lye 
& Dhilhon, 2003; WiUiamson, 1966. 

Sonroes of fllnatratioii White & Verdcourt, 
1996. 
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Ficus GLUMOSA Dellle 

Protologue Cent. pi. Voy. Meroe: 63 (1826). 
Fanu^ Moraoeae 

Chromosome number '2ii = o2 

Synonyms Ficus sonderi Miq. (1867). 

Vemaoular names Afiiican rock fig, moun- 
tain fig (En). Mku\ u (Sw ) 

Origin and geographic distributiou t'icua 
glumosa is widespread throughout most of 
tropical .Africa, extending In western Saudi 
Arabia in the east and South Africa in the 
south. 

Uses The baric, rich in tannin, is used in 

central, eastern and southern Africa for tan- 
ning hides, in Kaokoland in Namibia it is said 
to be the most important tanning agent for 
leather, giving it a red colour favoured by the 




Ficua glumoaa - wild 
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Himba people. The bark is nlso n source of a 
brick-red dye, popular in Mali ( Ixi^jolan' dj'eing 
process), Sierra Leone (Knrniiku i)eople) and 
Ghana lor thein^; doth and lalTia, In some ar- 
eas, e.g. Sudan, cloth is made li'om the bark. 
The bark also oontains abundant stidcy white 
latex which is used in CSiana like bird-lime to 
trap crickets. In Uganda it is chewed as chew- 
ing-gum and in West Africa the Tenda people 
use the latex Tor fieMteniug arrowheads to their 
shaft. Young loaves nrr rntrn as a vegetable 
(e.g. in soup m Ghana) and are browsed by 
cattle. The fruit is edible when fully ripe and 
said to be the most flavoursome of the wild figs 
in SenegaL The wood is light and used for fire- 
wood and charcoal. Sometimes trees are 
planted as a live fence or as windbreak. Me- 
dicinal Ui^es are numerous In <^o1f d'hoire 
latex is applied to alleviate pain irom sprains 
and latex diluted in water is used in the Cen- 
tral .African Republic to treat diarrhoea. In 
Zimbabwe latex is dropped into the eyes 
against sore eyes. Powdered bark, mixed with 
latex. IS used in Nigeria to plug carious teeth 
and in the Central AlVirnn Ri'[iul>lic a decoction 
of the bark is used as a mouthwash agamst 
toothache. A bark macerate is applied on the 
ry< s of new bom bnbn s in Senegal (Casanianca) 
to prevent conjunctivitis. Tenda people apply 
pounded batk topically against headadie. In 
East /\frica pounded bark, soaked in water, is 
drunk against .^tomnrb disnrdcis In Tanzania a 
decoction of pounded bark is used to wash sores 
daity until recovery. In Senegal and Cdte 
d'lvoire the r()f)ts and fruits are used in prepa- 
rations to cure female sterihty. 

Deaeriptlon Shrub or small tree up to 10 m 
tall; outer bark flaking. inn(>r bark exuding 
sticky white latex leafy twigs glabrous or 
white hair>'. Leaves arranged spirally, simple 
and entire; stipules up to 1.6 cm long, falling 
off early: pefinle up to 8 cm long; blade oblong, 
broadJj' elliptical, broadly ovate, obovate or 
almost circular 2-19 cm x 1-13 cm, base cor- 
date or round* il \ ai Linunatc to subobtuse, 
glabrous to densely hair\ above, densely hairj' 
below, lateral veins in 3-7 pairs, tertiary vena- 
tion reticulate. Inflorescence a fig, consisting of 

an um-shaprd rereptncle with a narrow apical 
opening, the llowers enclosed within, llgs soli- 
tary or in pairs in the leaf axils or just below, 
almost sessile, globose to ellipsoid. 1-1,5 cm in 
diameter glabrous to <li nsely tomentose, or- 
ange to red, at the Iruiting stage often with 
darker spots. Flowers unisexual, with 2-4 te- 
pals; male flowers with one stamen; female 




Fiats ^umoaa - 1. flowering branch; 2, part of 
hranehwUh barh. 

Rechawii and adapted by Achnuid Satin Nur- 
haiitan 

flowers with 1 -celled ovary and short or luni,' 
style. Fruit a drupe, 1 -seeded, developing 
within the fig. 

Other botanical infomuition Ficiis com- 
prises about 7.iO species, occurring in ti-opical 
and subtropical regions, with a few species m 
warm temperate regions. About 100 species 
occur in Afiica, ">no m ;mil .\ustr,alia, and 
150 in America. Ficua gUiinosu belongs to sub- 
genus Uroatigma, section Guhglychia. Particu- 
larly the indumentum on its leaves varies 
strongly usually being most dense in the 
southern part of its range and almost absent m 
north-eastMH Africa. PSm* ^mo$a can easily 
be confused with Finis sfuhlinnniiii Warb., 
which is characterized by the more promin^t 
tertiary venation of the lower leaf surface. The 
bark and leaves of several other species are 
used for tanning or aa sources of red, brown or 
green dyes. 

Ficua Uieina (Sond.) Miq. (synonym: I^cus gue- 
richiaua ElngL) is a shi-ub or small tree up to ty 
m tall, sometimes lianescent, with smooth but 
flaky bark, roots often plastered over rocks, 
elliptical, oblong or oblanceolate leaves 3-9 cm 
X .^-.5 cm and globose figs c. 1 cm in diameter, 
solitary or in pairs. It occurs on rocky places m 
dry areas in south-western Angola, Namibia 
and South Africa. Its baik is used for the tan- 
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ninfi and dyeing of hides and the fruits are 

eaten. 

The bark of Ficus cordala Thunb. is used in 
southern Afrira for tin- tannine and (lyi'ins; of 
hides but tins species is more important as an 
ornamental. Hie bark of Fiaia lutea Vahl is 
used in Madagascar to obtain n il-ochre dyes 
for raffia and silk textiles, but its major use is 
also ornamental. In Mali the barks of Fteua 
platyphyUa D('lil(< and Ficus syconioru.i L. aro 
dyr sourrrs for ho^jolan textiles piving rod- 
ochre to brownish colours, but the former is 
more important for its latex, used in chewing 
gum and the latter for its fruits, cooked as a 
vegetable in soups or in couscous. 

Growth and devdoinment The polUnation 
in the figs is effected by Elisabethiell-a gliimo- 
sni' wasps. These enter the fig via the osteole a 
bract-covered apical pore. Once inside, they 
pollinate the female flowers and deposit their 
eggs in the owirirs Hnwrver only the .short- 
styled ovaries can be reached by the wasps, 
and these serve to hatch the larvae, while the 
seeds develop in the long-styled ovaries. Birds 
eat the fruits and prubabiy disperse the seeds. 

Ecology Ficus gluinusu occurs on rock out- 
crops and rodcy slopes in diy areas, lees often 
in riverine and open nnichyslc^ia woodland, 
occasionally on termite mounds. It is found up 
to 2000 m altitude. 

Propagation and planting Ficua ^mosa 

can ho propnrrntod by seed ami riittinps 

Handling after harvest To make a tanning 
liquor, the bark is finely chopped and soaked in 

water. The hides are then steeped in the liiiuid. 
In Mali bogolan techniques of dyeing olten 
combine djres from several species to increase 
the solidity of the < l< an s The barks of Flma 
ghimosa. Ficus pltjlyj>hyll(i or Fini.i sycomoni.t 
are finely chopped and boiled m water. The 
doth is soaked in this dye and then dried in the 
sun. Then oonios the 'fixin<i dyo', a hiith in a 
decoction of the leaves of .-^iogeissus leiocarpa 
(DC.) Guill. & Perr. The cloth is again left to 
dry in the sun. The fixing bath' and sun drying 
process are repeated three times at least, and 
then the cloth is soaked again in the first dye 
bath with Ficus bark and finally dried in the 
sun. 

Genetic resources Ficua glumosa is ver>' 
widespread and althou^ it is nowhere very 
common, it is not in danger of gendik; erosion. 

Prospects Firu.t ^hiwnita is n multipurpose 
tree or shrub, particularly valuable in drier 
areas for its edible young leaves and ripe 
firuits. More research is needed for a better 



understanding of the dye and tannm properties 
of the bark and the numerous reported medici- 
nal properties. 

Major references Ailiriiinicr 2004; Rerg 
1991; Berg & Wiebes, 1992; Burkill, 1997, De- 
cary, 1946; International Centre for Research 
in Agro forestry' (ICRAF). undated c: Irvine. 1961; 
Marquet, in press; Miege, 1992; van Wyk & 
Gericke. 2000. 

Otlier references Adjanohoun < l al 1989; 
.\.1ian<)houn & Ako .\ssi. 1079; Awekc 1979; 
Berg, 1990; Berg & Hijman, 1989; Berg, Hijman 
& Weerdenburg, 1985; Coates Palgrave, 1983; 
Gelfand ef al,. 1985; Hauman l.eluun & Hou- 
tique, 1948; Ivatende, Bimie &. Tengnas, 1995; 
Kokwaro, 1993; Pahner & Pitman, 1972-1974; 
Sommerlatte & Sommerlatte, 1990; van Greun- 
int; 1990. 

Sources of illustration Aweke, 1979. 
Authors P.C.M. Jansen 

FI.EM1NOIAGRAHAMIANA Wight & Am. 

Frotologfne l'n)dr. fl. Ind. orient. 1; 212 (18.31). 

Family I'apilionaceae (Leguminosae - Papil- 
ionoideae, Fabaceae) 

Synonyms Fleiiiinifin ilinthx-nrixt Raker 
(1871), Moghaiiiu gruhainiana (Wight & Arn.) 
Kuntze (1891) Moghania rhodoearpa (Baker) 
Hnuman i I '. 1 1 

Origin and geographic distribution Flo- 
iningia graliamiana is widespread m tropical 
Afirica, from Ghana east to ESthiopia and south 
to South Africa, extending via Aral)ia to sduth- 
em India. In Yemen it has been cultivated as a 
dye and medicinal plant since ancient times. 
Formerly it was also cultivated in Ethiopia and 
the dye was exported to Yemen 

Uses Fleiningia grahaiitiaiia is one of the 
principal sources of the Arab dye called 'wares', 
wars' or wnrus'. Warns is a ronrso pui-pio or 
brilliant orange-brown powder, consisting of 
single (not grouped) hairs and daik gland glob- 
ules rubbed from dry fruits. The powder is used 
in India, the Arab world and in Africa (e s,j in 
Uganda, Zimbabwe and Malawi), mainly for 
dyeing silk and cotton a gold^-yellow, but also 
for other purposes such as dyeing liamboo fur 
baskets and making coloured ink. It does not 
seem to be applied to wool. It is also used as a 
oosmetic by placing a small portion of the pow- 
der in the palm of the hand and moistoning it 
with water; the hands ai-e then rubbed to- 
gether, producing a lather of a bright gamboge 
colour, which is applied as required. In DR 
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Congo Flemingia gmhamiana is recommended 
as a cover crop. The tuberous root is said to be 
edible. In Zimbabwe and Malawi a root decoc- 
tion is drunk against diarrhoea and dysenterj'. 
In India the plant is used in external applica- 
tions airainst skin diseases, internally as a 
pui u.itiv >■ nnd as a niodicine for colds. 

Properties The Ixuit powder of Flemingia 
grahatniatia contains a dark red to orange- 
brown resin, an orange-rod crysl.'illine sub- 
stnnre and small quanfUios of a y< Ilo\v rr\-sJnlline 
substance. These are flavonoid cxilorants belong- 
ing to the group of chaloonee: flemingins A, B and 
C, homoflemingin and "-deo.xj'homoflemingin, 
Uteee principles resemble those of kamala i/^Ial- 
lotua phtlippineitiia (Lam.) Muell-Arg.), which 
i)lso are complex chalcones. but not identical. The 
dye of kamala is alsti prodiired by the glands on 
the I'ruitii and m mternatiunal trade waras and 
kamala are often traded together. In dye powder 
of waras, unmloured long and simple hairs can 
be found, whereas in dye powder of kamala 
short un coloured stellate hairs are found. 

Botany Erect herb or subshrub up to 1.8 m 
tall with deep growing, sometimes tuberous 
routs. Leaves alternate, 3-fuliulate; stipules 
deciduous; petiole up to 7 cm long; petiolules c. 

'A mm long; leariets < lHplicaI to obovate 2—]r> 
cm X 1-8 cm, terminal ieaficls largest, pubes- 
cent to densely velvety sp.usely to densely 
covered with small dark red glands. Inflores- 
cence an nxillaiy. densely fasciculate raceme: 
rachis 1-5 cm long, with imbricate bracts. 
Flowers bisexual, papilionaceous; pedicel c. 2 
mm long; calyx tubular, tube v. \.r^ mm long, 
lobes 6, linear, 3-6 mm long; corolla yellow- 
white or pink, standard oblong, 7-8 mm long, 
wings narrow, slightly shorter than standard, 
keel about as long ns wings' stamens 10 !) 
fused and upper one free; ovary superior, hairj', 
1 -celled, style linear, ending in a small dot-like 
stigma. Ffuil .an inflated pod 9-12 mm ^ G mm, 
yellow -pubescent and also covered with glands 
secreting reddish globules leaving an orange- 
red stain on touching. 2-seeded. Seeds globose, 
c. 1..^ mm in duimeter. shiny bhick 
Flemingia is classified in the Iribe J 'haseuleue 
and is predominantly an Asiatic genus com- 
prising ^iO-.'O sjx-cies From tropical .Africa 
only 2 indigenous species are loiown. Flemin- 
gia grahamiana is veiy variable and based on 
degree of ptibesoance and size of leaflets and 
inflorescence several varieties have been dis- 
tinguished. Flemingia macrophylla (Willd.; 
Merr. (originating from tropical Asia) much 
resembles Flemingia grahemiana. It is occa- 



sionally cultivated in tropical Africa, e.g. in 
Cotp d'lvoire, Nigeria and Tanzania. Its fruits 
can |>rniluce the same type of dye (less abun- 
dantly), but it is more important as an auxil- 
iaiy plant grown for shade, cover and mulch. 

EScology Flemingia grahamiana is finmd in 
open and wooded savanna, somi-tiines near 
water in riverine vegetation, on hillsideSi, ter- 
mite moimds and along roadsides, in eastern 
Africa up to 2100 m altitude. 

Management Fleniiiiffia ^rnhawinua can bo 
propagated by seed. The first fruits can be har- 
vested after about one year. After piddng the 
fruits the shrub is cut down at al)out \h cm 
from ground level. It sprouts agam after rain 
and bears fruits a second time after about six 
months. The cutting back is repeated every 
second year until the plant dies Rain destroys 
the fruits for commercial purposes; therefore 
they ere only gathered in the diy season. The 

har\'ested fniils are first dried (some days in 
the sun), put in a bag, which then is beaten to 
loosen the tinctorial powder. Alternatively the 
fruits are rubbed over a sieve. To prepare the 
dyi' the powder is dissolved in the d\e bath 
with an equal weight of sodium carbonate. 
When the temperature of the bath reaches 

t()°(' the yarns or textiles to be dyed are put 
into the bath and the whole is slowly heated to 
boiling point. To make the colour brighter, the 
fibre can be wa.shed in slightly acidic water, 
e.g. made with lemon juice. Beautiful deep yel- 
low or orange colours can be obtained, fast to 
light and adds, less so to alkaline substances. 
Those colours were used very fiuMjuently in 
combination with mdigo blue in the renowned 
ikat textiles from Yemen. 

Genetic resources and breeding /'/( //im- 
gia ffiahaniiana is widely distributed and not 
in danger of genetic erosion. Germplasm collec- 
tions are maintained at the Ceutro Intema- 

ciraial de .\gricultura Tropical friAT, f^.'i1i 
Colombia), the Research Institute for Animal 
Production (Ciawi, Bogor, Indimesia), Austra- 
lian Tropical Forage Genetic Resource Centre 
(ATFCRC rSIR( I ir'anberra. Australia), and 
the International Plant Genetic Resources In- 
stitute (IPGRI, Bani^ok, Thailand), together 
with those of Fhvniiifiia ninrrnphylla 

Prospects As source of the waras d;ye, Fle- 
mingia grahamiana will remain only locally of 
importance fisrdjreing textiles golden-orange or 
colouring wickerwork. In the current light of 
the reappraisal of European regulations con- 
cerning the toxicity of some synthetic colorants 
used in the food and cosmetic industries, the 
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traditional applications of warns as a cosmetic 
and against skin diseases could make it a suit- 
substitute as a yellow to orange colorant. 
Its \;ilue as !i cover crop and as a medicine 
need more investigation. 

M^lor references Buildll, 1995; Cardon, 2003; 
Gillettetal, 1971 

Other references Cardillo et ai., 1973; CSIR, 
1966; Gelfand et al., 1985: Hauman et al., 1964; 
Trvin<>, liK!!; Mackindcr ct al., 2001; Mate, 
Kamabu & Lcjoly l!)i)4; Touraerie, 1986; Mo- 
sango, 1999; Williamson, 1955. 

Authors P.C.M. Jansen 

Qrifponia phybocaspa Bail!. 

Protologue Adansonia 6: 188 n8';ri) 
Family Caesalpiniaoeae (Legumuiosae — L'ae- 
salpinioideae) 

SjiionjTns P,/jnfIrinnri Irtiiiiflnra Ri nth i; lS('.iV1 
Origin and geographic distribution Uri/fo- 
nia physocarpa occurs in Nigeria, Cameroon, 
Equatorial Guinea, Gabon, Congo and DR 

nop po. 

Uses A black dye is obtained troin the leaves 
of Griffonia phyaocarpa. Root fibres are ool- 
iecti' l I'll in tilt' wild and chewed into a cud 
from which, on drymg, a white powder sepa- 
rates, which is used by women as an ornamen- 
tal face powder. The stems serve as binding 
nialorial in the construction of huts in DR 
Congo. In traditional medicine, a decoction of 
the leaves is taken against stomach troubles 
and blennorrhoea. and as a wash fur children 
with fever. Macerated leaves are used as a 
dressing over oedemas and are taken as an 
aphrodisiac. Ash of leaves is applied externally 
to treat bone fractures 

Botany Shrub ur large liana w ith glabrous, 
biown-black branches. Leaves alternate, sim- 
ple, glabrous: stipules absent; petiole c. 0 .5 em 
long; blade oblong-elliptical to ovate, 5-15 cm x 
3-7 cm, base rounded, apex acuminate, 3(-6)- 
veined from the base, reticulate venation 
prominent on both sides. Inflorescence a termi- 
nal raceme 5-20 cm long; bracts and bracleoles 
triangular, 2 mm long, persistent. Flowers bi- 
sexual, almost n'uulai- "-nierous: |)edicel ().."— 1 
cm long; receptacle cylindrical, 2-3 cm x 3 mm, 
orange; cn\yx tubular, orange, tube 3-6 mm 
kmg, lobes triangular, mm long; petals al- 
most equal, claw 3-6 mm long blade oblaneeo- 
late, 1-1.5 cm x 3-4 mm, fleshy, greenish, 
sparsely pubesoait inside; stamens 10, fila- 
ments filiform, 2 cm kmg; ovary superior, c. 4 



mm long, stipcd, style 1-2 mm long, persistent, 
stigma small. Fruit an oblique-cylindrical pod 
5-7 cm X 3—4 cm, inflated, leatherv', stipe up to 
2..'") cm lent:. 1-2-seeded. Seeds orbicular, c. 12 
mm m diameter, glabrous. 
Griffonia is only found in tropical Africa. It 
belongs to the tribe Cereideae and comprises 4 
species. 

Ecology Griffonia physocarpa occurs in low- 
land forest, often in secondary fores) . 

Genetic resources and breeding Griffo- 
nia physocarpa is widespread and locally com- 
mon, especially in disturbed forest, and not in 
danyi r nf t,"'netic iTosion 

Prospects Griffonia physocarpa will proba- 
bly remain of local importance only; its dye and 
me li; 11: 1 i^roperties need more research before 
evaluation is possible. The relat<d (hiffuniu 
aimplicifoliu l^Vahl ex DC.) Baill. contains med- 
icinally veiy interesting compounds. 

Major references BurkiU, 1996; Wilczek et 
al, 1952. 

Oilier references Aobreville, 1968; An- 
breville, 1970; Bouquet, 1969; Raponda-Walker 

& SiUans. 1961. 
Authors P.C.M. Jansen 



HaEMATOXVLUM camp ECHiANUM L. 

Protologue Sp. pi. 1: AM (1753). 
Family ( 'aosalpiniaceae (Leguminosae — Cae- 
salpinioideae) 
Chromosome number 2n = 24 

Vernacular names Logwood, campeche 
wood, bloodwood tree (En). Arbre a campeche, 
bois dlnde, campSduer (Fr). Pau campeche, 

pau de sangue (Po). 

Origin and geographic distribution Uiwiiia- 
loxyliun campeciiianuin is indigenous m .\le.\ico 

(along tiie sou^-eastem coast of the Gulf of Cam- 
peche and in Peninsular Tucat an) and Belize. 
The wood was introduced into Europe as a d^'e- 
ing substance soon after the Spaniards arrived 

in Central America, but for ni.nis \< :w< ilVom 
1581 to l')(;2) its use in England \s as prohib- 
ited by legislative enactment to protect dyes 
already in use. After that period British trad- 
ers started to export the Wfiml from southern 
Yucatan, where they founded a c-olony that is 
now Belize. The representation of two logwood 
cutters in the national emblem of Belize still 
reflects the former importance of the trade. 
The French later established their own source 
of logwood in Haiti. Haemattu^lum cam' 
peekiaaum has been introduced and widely 
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Uurnnito.vylum ecunpeehianum - planted aiid 

naturalized 

nafurnlizcd sinrp tholH''' crntuiy in Ihc Bnhn- 
mas, Cuba, Jamaica, Dommicau Republic, 
Puerto Rico and the Antilles. At present it is 
widely introduced in most tropical countries. It 
was intrudueed into Nigeria in the 1890s and 
has ismce been cultivated un a limited scale in 
other parts of continental Africa and in the 
Indian Ocean islands. It is found njituralized in 
Madagascar and other Indian Ucean islands. 

Uses The main i>ruduet of Haematoxylum 
campechiamim is the heartwood, which is the 
logwood of rommeroe. The principal interest 
lies in the dye substance extracted from this 
wood: the chemical haematoxylin, a sweet, 

colourless crystal. It gives the wood its charac- 
teristic reddish colours by the combined action 
of oxygen from the air and alkaline bases pre- 
set in the wood. Dark purple scales of 
haemntein are formed hv the .action of ammo- 
nia and oxygen from the air durmg processing 
of the wood. Haematein is the oolourinR agent 
and is used commercinlly for dyeinp wool silk, 
cotton, fur, leather, bone and certain synthetic 
fibres (e.g. nylon and rayon), using diromium 
mordants to ol>tain purple and black. It has a 
fair degree of lasliK ss and good iienetration. 
By selection of dillerenl mordants, subtle col- 
our tones ranging through lila^ violet, blue, 

giT-y to black can be produced and other shades 
and colours can be achieved by admixture of 
other djres. Haematein is much used in ink, 
both for writing and [lamiing In an acid envi- 
ronment it gives n rod coinvir that has been 
used to adulterate wme. Haematoxylui is the 
most important natural dye in histochemistry. 
Heidenhain's inm haematoiQrlin method has 



been traditionally recommended for staining 
intestinal protozoa. In this method haematein 
reacts with ferric ammonium sulphate to pro- 
duce ferric lake (inm haematoxyhn) which 
regressively stains mitotic figures m protozoa. 
Haematein is a standard histological stain 
mostlx' used ui combination with eosin. 
whereby haematein shows up cell nuclei and 
eosin the protoplasm. 

Being rich in tannins, d<>coclions of the bark 
are used in Senegal and Mauritius against 
diarrhoea, and an mfusion of the flowers is 
used against brondiial problems. Ehrtracts have 
been used in traditional medicine as an astrin- 
gent, anti-intlammatory agent and to treat 
gastric disorders. 

Haematoxylum eampeehiaiuim is also an or- 
namental with evergreen showy foliage and 
yellow, sweet-scented flowers. The plant is 
thorny and makes an impenetrable but attrac- 

tive hedge. In the islands of the Indian Orenn. 
particularly Rodrigues, the tree is grown and 
highly prized by bee keepers as its flowers im- 
part a distinctive tlavour and fragrance to the 
honey i>roduced locally Logwood has been used 
as timber (e.g. in Senegal for furniture and in 
India for inlaid veneer), but this use is limited 

because of th(^ usu.illy irregular shape of the 
trunk. It IS also an acceptable firewood. 

Prodnctibtt and iutematioual trade The 
annual export of logwood peaked in (he latter 
half of theltV'i centuiy at about 100 000 t In 
1880 the imports of logwood into the L nited 
Kingdom stood at about 70,000 t. Nowadays, 
logwood cuttmg IS only a minnr industry and to 
reduce costs logwood is exported mainly as 
powdered extracts. The best qualities of log- 
wood <-ome from Tampeche (Mexico), but only 
in small quantities: larger amounts of good- 
quality logwood are exported from the larger 
(>iribbe«n islands (Jamaica, Haiti, Dominican 

Republic) In the course of the lOnOs the total 
annual logwood trade was no more than 600 t 
of extracts, corresponding to about 25(X) t of 
source wood. The major importers are Western 
Europe, North America and Japan. France and 
Switzerland supply many consuming countries 
through re-export trade. Prices have fluctuated 

1 n I iim lusly over the years. 

Properties The heartwood of Ilaeniatoxy- 
bim eampechianum contains approximately 
lOH haematoxylin and is pale coloured but 
nequires a bright reddish colour with age or on 
exposure to air. Haematoxylm crj'stals are 
readily soluble in hot water and alcohol, spar- 
ingly in cold water. The action of ammtmia and 
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oxygen from the nir causes dark purple scales 
of hapmntein (haematoxein) to form, oftpn ob- 
8i'r\;il)li> its the fine grecjiish hue on logwood 
chips. Thf action of diluted nvids chim^vs the 
dark purple colour to bright red. Mordants are 
necessary to dye textttes with haematein and 
different mordants give very iliffen'nt coluurs: 
copper sulphate jjises a purphsh blue, zinc 
sulphate dark purple, nitro-muriate of gold 
(nrange, muriate of quicksilv> i nrange-red, 
muriate of nntimony crimson, lead acetate 
blue, arsenate of potash deep yellow, nitrate of 
baiytes brownidi purple and muriate of baiy- 
tes reddish purple. 

Ilaematoxylin has the unique capacity to dis- 
tinctively dye crj'stals of stereoisomeric com- 
pounds, making their difference visible 1n the 
naked eye Iluemnt o.w iin exhibited dose- 
dependent anti-inflammalory activities m tests 
with rats and dhicken embryos. It showed a 

considerable c-ffer) i\'ene.<s M^.-iinsI aciitf' in- 
flammation, but bttle activity against chronic 
inflammation. 

The heart wood is ver>' hard and heavy, with an 
air-dr\ tleusity of ;t-~(i-108.1 ky.^i ', The grain is 
interlocked, texture coarse but fairly even. The 
wood has an agreeable odour resembling vio- 

lets and ;i -Vv ri-t ,-ist rinLTr'nl taste. It is brittle 
and dilficult lo work by hand, but finished to a 
smooth surface it takes a high polidi. It is du- 
rable \n I ontact with the groimd and in ex- 
posed cundifinns. The sapwood ring is thin 
white or j ellow and is of little value as it does 
not contain haematozylin. Several gallotannina 
and flavonoids have been isolated from the 
leaves. 

Adulteratloiia and rabstltuteB The wood 
of CcieKi(puua species contains brazilin, which is 

a compound also used as n red dye and related 
to haematoxylin. Brazilm has anti-inflammatoiy 
properties similar to haematoxylin. 
In the 1070s a shortage of haem.ituxylin in the 
world market led to a search for alternative 
dyea in histology. Celestine blue B and Mor- 
dant blue 3 were reasonable alternatives, but 
did not have the wide variety of uses of haema- 
lo.vylin. 

Description Shrub or small, bushy tree up 

to 15 m tail often thorny; trunk irrepulnrly 
fluted and contorted, up to 3 m long and up to 
60 cm in diameter; baik grey to brown, rather 
smooth, peeling into flakes; branches long, 
straight. Leaves alternate, distichous or fasci- 
cled on very short branches, paripmnate; stip- 
ules c. 2 mm long, caducous; petiole up to 1 cm 
loiig; leaflets in 2-4 pairs, obcordate or obovate, 




Httematoxyium eampeekianum - 1, flowering 

branch; 2, fJoii rr 
Soutve: PHUSEA 

1-3.6 cm X 0.5-2.5 cm, cuneate at base, emar- 

ginate at apex, glabrous and closely veined. 
Inflorescence an axillarj' raceme 3-10(-20) cm 
l<mg. Flowers bisexual, almost regular, 5- 

merous, sweet -sr/cnted: pedicel c " mm long; 
sepals oblong, 4-G mm lung; petals narrowly 
obovate, 6-7 mm long, dull yellow: stamens 10, 
free; ovarj- superior, sessile, glabrous. 1 -celled, 
style slender stipma small. Fruit a lanceolate 
to narrowly elliptical, flattened pod 3-5.5 cm 
long, pointed at both ends, deiiiscent along tiie 
median of the sides, l-2-8eeded. Seeds elm- 
gated, c. 1 cm long, flat. 

Oflier botanical information Two other 
Haenuiloxyhiui species are known: Haetnatoxy- 
llitii biaaHrUo ILKarst (pearhuoodi from 
tropical America, the wood of which is also 
used as source of a red djre (brazilin) consid- 
ered inferior to the dye nf lotjwnnd and llaewa- 
toxylum dinleri (Harms) Harms, a shrub up to 
2 m tall, endemic in Namibia in rock}' crevices 
and smidy river beds. 

Growth and development llaematnxyhim 
campechianum grows slowly but cultivation is 
easy. With favourable growing conditions, the 
tree can attain harvestable size in about 10 
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years, and sometimes harvesting can even 
stflrf when 8 years old. 

Ei iilogy Haeiiuiloxylum eampechiaiium is a 
hiwliiml sp<'ci(>'; wliii'h ciiii ymw undt'i- clitT*'i-i'nt 
coniljiions. it can withstand diy conditions, but 
in Central America it grows best in flat marshy 
infiis uftcn inuiul;ited by rivers, occasionally 
forming almost pure stands. In the West In- 
dies, the best wood is produced in interior val- 
leys and moist coves in the lower slopes of hUls. 
In J.inmica ItipwooH is rommnn on oxposod 
hmcstone hillsides m dry secondaiy thickets. 
In Madagascar and the Mascarene islands it 
occurs natui jilizi'd in disturbed vegetation and 
roadsides in dry regions. Logwood grows on 
almost any soil, but prefers light soils with 
some humus. 

Propagation and planting Ilaciiiato.wlitiii 
campecliiunuin can be propagated by cuttings 
and seed. 

Management Ajmrl From wood control dur- 
ing the establishmeut phase, logwood requires 
minimal attenti<m. In the early years of a plan- 
tation, annual or short perrainial understorey 
crn|)s c.'in lie tjrnwn. 

Harvesting In Central America logwood is 
mostly collected from the wild. The older the 

tree the- richer the <-ol<nir <if lh<- wood In trade, 
freshly cut wood with non-oxidized haematoxy- 
lin is preferred. Commercial production of 
Haematoxylum campechiamim comes from 
plantations (e.g. in dnmaicn), where the trees 
can be pruned to produce a straight clean bole. 
Felling is normally done at 10 years old. The 
wood, deprived of its hiirk and sapvvood. is 
transported to the factory or market in the 
form of large blodcs and billets 1—2.6 m long. 

Handling after harvest The pieces of wood 
are leduced to very small chips, which arc 
boiled 111 hot water to extract the dye. The re- 
sulting orange-red solution turns yellow and 
later black upon rnoling. Evaporntinn nf the 
liquid leaves behind a powder, often called 
crystals. The crystals are graded according to 
the degree of oxidation of haonatu.xylin to 
haematein. usually over a range of !.")'!& to 
100%. An 80% grade contains 80% haematein 
and 20% haematoxylin. 

Genetic resources .Mthouph there are no 
specific data on the genetic variability of 
Haematoxybun eampeehiantim, the wide varia- 
ticm in habitat and the existence of plants lack- 
ing haemotoxylin (called bastard logwood) 
suggest considerable variation withm the spe- 
cies. 

Breeding Breeding objectives are sdection 



of superior genotypes that can bo used for 
propagation, e.g. plants with high dye content, 
good growth performance and good climatic 

ad'ipt Mtion 

Prospects In major dj'eing applications, 
logwood has increasingly been replaced by ejn- 
thetics because of periodic supply problems and 
related price rises. However, the special quali- 
ties of the dye remain highly regarded, espe- 
cially in histology, and the threat of comi)l(>te 
replacements by syntheties is not yet e\ ident. 
C'onsidermg the recent renewed mterest 
worldwide in natural colorants, it may be as- 
sumed that the demand for logwood is likely to 
increase. Experiments on a larger scale culti- 
vation of logwood in tropical Africa, e.g. in 
agroforestry systems, might be worthwhile. 

Major references Burkill. 1995; Cardon, 
2003; du Puy el al., 2002; Ferreira, 2003; Green, 
1996; Kahr Lovell & Anand Subramony, 1998; 

Mi .'iinlcin l!'!!! Xorton, 199f;: Seegeler, 1991. 

Other references Armstrong, 1992; Gurib- 
Fakim, Gueho St Bissoondoyal, 1995; Hikino et 
al 1977; Pblhill. 1990; Rastogi ft Mehrotra, 

1998. 

Sources of illustration Seegeier, 1991. 
Audiom A. Gurib-Fakim 
B.-ised on FROSEIA 3: Dye and tannin-produdng 

planta 

IMPATIENS TINCTORIA A.Rich. 

Protolofne Tent. fl. abyss. 1: 120 (1847). 

Family Balsaminaceae 

Synonyma Impatiens pmiiiixtna Gilg (1909). 

Vernacular names Balsamine (En). Bal- 
samine (Fr). 

Origin and geographic distribution Inipa- 
tiens linctoria is found in south-eastern Sutlan, 
Eritrea, Ethiopia, western and southern 
Kenya Uganda, DR Congo, southern Tanzania 
and northern Malawi. It is cultivated world- 
wide as an ornamental. 

Uses In Ethiopia women chop or mash the 
inside (if the tubers uf lin/mtivns tincfuiia ( en- 
solella ) into a paste to dye the palms and nails 
of the hands and feet a dark reddidi colour. It 
is considered a beauty tii-atment similar to 
that uf henna and it helps to control fungal 
infections and it toughens the skin. The tubers 
am also used to dye cloth. The juice of pounded 
roots is one of the ingredients for a red ink. 
Medicuially, a root decoction is drunk against 
abdominal pains and as a purgative. The stem 
is chewed to treat mouth and throat diseases. 
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Horses and mules graze the plnnt. Iinpaliens 
tinctoria is cultivated for its striliing flowers as 
an indoor and outdoor ornamental in tropical 
and teniiHTfite l eoions. 

Properties The flowers and leaves of an- 
other species, Impatims hahamina L. (garden 
balsnm native nf India and parti* of mainland 
South-East Asia but widely cultivated as an 
ornamental, alao in Africa) are used to [)repare 
a red dye to colour the naila and are usc-t! ns n 
suhstitutr for henna beenuse they rontnin the 
same dyemg agents lawsone and derivatives, 
as well as anthocyans and flavonoids such as 
kaempferol, quen i tin ami a rhamnoritrin gly- 
coside. Although the dye components of Iinpa- 
tuna tinetoria and many other species (e.g. 
Impatiena rothii Hook.f.), also used to dye the 
skin red. have not been thoroujihly investi- 
gated, they all contain naphluquinone deri- 
vatee close to lawsone and might be used as 

substitutes for hrnna. Nferlirinally. lawsone 
shows antifungal activity and is active against 
fimgi causing ringworm, athlete's foot (tinea 

pedis). 

Botany Erect, glabrous, perennial lieib uj) 
to 2 m tali, with a succulent huUuw stem and a 
lai^ tuberous rootstodc up to 30 cm )^ 10 cm. 

Leaves arranged s[)irally, sim[ile: stipules ab- 
sent; petiole up tu U cm lung, sometimes bear- 
ing glands near the top; blade oblong- 
lanoeolate to broadly ovate, 7-32 cm x 2.5-10 
cm, base eunente, apex usually nruminate 
margins crenate to serrate, lateral veins in 7- 
14 pairs. Inflorescence an axillary 3-9-flowered 
raceme; peduncle uji to 30 cm long. l'"lo\\<<rs 
bisexual, zygomurphic, S-merous, fragrant, 
white but lower petals often spotted pink or 
purple near base; pedicel up to 4 cm long; lat- 
eral sepals \ ovate or oblong, fi-lO mm « 1-7 
mm, lower sepal funnel-shaped, gradually con- 
stricted into a 3-13 cm long filiform ^ur; dor- 
sal petal hood-like. 17-22 mm ^- 10-14 mm. 
crested dorsallj', lateral petals -1, united in 
pairs, upper one of eadi pair smaU, 6-15 mm x 
2-5 mm, lower one large, 16-50 mm x 16-46 
mm; stamens 5, connate in a ring: ovar>- supe- 
rior, 5-c-elled, style very short. Kruit a cylindri- 
cal, 6-valved, fleshy, explosively ddiiacent cap- 
sole lip to 4 cm long, many-seeded. Seeds ovoid, 
glabrous. 

Impatiens is a large genus comprising more 
than 1000 species, and occurs in tropical .ind 
subtropical regions of .Africa, Asia and Tentral 
America, as well as in temperate regions of the 
northern hemisphere, but it is absmt in South 
America and Australia. In Africa more than 



100 species occur. Iinpatieits tinctoria is vari- 
able; it has been subdivided into 5 subspecies, 
mainly based on differences in leaf, flower and 

spur size 

In Ethiopia, the tubers o( Impatiens i-othii ( gir- 
shiritO are also used for a dark reddish dye. 

Ecology liiipiitif'iis ti)ictnria usually occurs 
m dam)> shad\ lui alities, m upland ram forest, 
forest fringes and gullies, along streams and on 
siiady banks, usually at 700-3600 m altitude. 

Management Although hnpatieiis finrtnria 
IS cultivated for its tubers in Ethiopia (south- 
em Tigray), no cultivation details are known. 
.\s an ornamental, it is easily propagated by 
cuttings, and can be grown indoor in pots and 
outside, provided it is protected againat frost. 
Red spider mite and aphida can be problematic 
pests. 

For dyeing the skin, tubers are washed and 
sometimes peeled, diopped and left steeping 

for at least 12 hours. Then they are healed 
mashed and the paste is applied to palms and 
nails of hands only (for young girls) or to hands 
and feet (adult women). It can also be put m 
leaves, wrapped and tied around the hands and 
feet for 6-8 hours to get a more lasting dye. To 
dye cloth, salt and oil are added to the dye bath 

where chojiped tubers are hojljtm before i)hing- 
mg the cloth. A red mk is ubtamed by mixmg 
the juices of the tubers of Impatiens tinctoria 
{'ensolella'), Iitipaticii.t rothii ('girshirit') and 
Riihia rnnfifnllii I .. rniinchier) and the bark of 
Osyris quadnpartita Salzm. ex Decne. (keret ), 
then letting the liquid mixture thidcen in the 
sun. 

Genetic resources and breeding Impa- 
tiens tinetoria is widespread in Africa and does 

not seem to be in danger of genetic erosion. 
Xevertheless because of its great riiversity. 
collection of germplasm is strongly recom- 
mended. 

Prospects ,\s a dye, Jwpniirii a titirtnria 
most probably will remain only of local impor- 
tance in Ethiopia. Its importance as an ea^-to- 
grow, fragrant, large ornamental will remain 
considerable. 

Major references Grey-Wilson, lti80; Kok- 
waro, 1993; Lemordant, 1971; Mesfin Tadesae, 
2000; Tournerie l!)8f). 

Other references Grant-Downton, 1992; iji-ey- 
Wilson, 1962; Launeit, 1963; FhuphaHianaphong, 
1991; Kosna Mat Taha. 2001; Westphal, 1975; 
Wilczek & Sehulze 19fi0. 

Authors I'.C.M. Jansen 
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INDIGOFERA ARRECTA llochst. ex A-Klch. 

Protologue Tent. fl. abyss. 1: 184 (1847). 
Family Papilionaceae (Leguminosae - Papil- 

lonoideae, Fabaceae) 
Cliromosome number 2n = 16 

Vernacular names Xatal indigo. Bengal 
indigo, Java indigo {En). Indigotier cheaae, 
indigotier (Fr). Indiguciro. anileira (Po). Mnili 
(Sw). 

Origin and geo^aphic distribution Xntnl 
indigo origmatfs tiom Africa, it occurs almost 
throu^out tropical Afirica, and also in nortii- 
em and eastern Suuth Afrn jii Swaziland and 
southern Arabia. Its range has probably beai 
extended by its cultivation for indigu and nib- 
sequent naturalization. It is widely planted in 
India and south-eastern Asia. 
The use of indigu extracted from Indigojera 
qpecies has a long histoiy. Indigo plants and 
the dyestiiff were already mentioned in the 
oldest Sanskrit records. The blue dj'e used for 
textiles of Egyptian mummies may, in some 
cases, come from an Indigofera species but 
woad {hat is tincforia L.) is another indigo-blue 
producing plant known to ancient Egyptians. 
The most ancient ardiaeological textiles die- 
covered in West Afrirn the Tellem textiles', 
were found in funeral caves m the Bandiagara 
diff in the Dogon area of Mali. Some of them 
date back to the 11"' or 12"' centuries and al- 
ready include stripes, checks and tie-and-dye 
patterns done with indigo from Indigofera or 
PIdlenopteira species. An early description of 
the local extraction process of indigo from an 
Indigofera species in Guinea was left by the 
Portuguese expbrer Andr6 Alvares de Ahnada 
in 1666. In Africa Natal ind^o has been the 




Indigofera arreeta - wild 



most important species for the production of 
indigo since the beginning of the 20"^ century. 

Uses Leafy twigs of Indigofera arreeta and 
simie i ldsely ri'lated Indigofi'nt species are the 
mam sources of the indigo dje used smce veiy 
ancient times for dyeing textiles blue. The 
leaves and twigs do ndt contain indigo but col- 
ourless precursors that must be extracted and 
processed to produce the indigo dye. Because of 
its fascinating deep blue colour, its great colour 
fastness to light and the wide range of eolours 
obtamed by combining it with other natural 
dyes, indigo has been called 'the king of dyes'. 
NoothiT dye plants have had such a prominent 
place m as many civilizations as Indigofera 
^ecies. In western Africa indigo is by far the 
most important dye of plant origin. It plays an 
important role in traditional cultures of many 
people, whether only wearers of indigo-dyed 
textiles like the Tuareg in the Sahara and Sa- 

hel region (Xiper, Mali) or rtMiowncd indigo 
dyers, among which the Soninke (Sarakole) 
and Wolof in Senegal, the Marka women of the 
Djenne region in Mali, the Dyula and Baule in 
Tote d'lvoire the Yoruba ami Ilaiisa in Nigeria 
and the Bamoum and Bamileke in Cameroon. 
This part of the world is a major centre of tex- 
tile decoration tec-hnicjm^s based tin the concept 
of 'resist-dyeing and linked w ith mdigo dyeing: 
intricate patterns are made on the doth that 
will resist being dyed. This is done by tying, 
sewing or plaiting parts of the cloth or by cov- 
ering them with starch pastes or wax. The 
piece of doth is then phinged into the indigo 
vat to dye the untreated parts After the resist 
threads or pastes have been removed, white 
patterns on a blue ground appear. Light blue 
patterns on a blue-black ground are formed if a 
last indigo bath is given after undoing the re- 
sist. In Madagascar too, indigo dyemg is very 
important, for instance in raffia ikats, beauti- 
ful textiles in which the 'resist' patterns are 
formed by tying parts of the warp yams with 
thidc threads before dyeing them with indigo 
and putting them onto the weaving loom, 
which again creates white designs on a blue 
ground. However, the use of naluial indigo is 
rapidly declining and nowadays, synthetic in- 

dipo is almost exrliisi\-ely used, not only in 
indust riahzed processes but also at craft level. 
Indigofera arreeta is grown as a cover crop and 
for green manure, especially in tea. coffee and 
nibber plantations. It gives shade and protec- 
tion, suppresses weeds and improves the soil. 
The residue remaining after indigo extraction 
is also appUed as manure. In Malawi the yoimg 
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leaves arc cat on as a vegetable. The plants are 

grazed by all stock. 

Nil 11V rous applicationB in traditional medicine 

h;n t' been reported: leaves nnd roots ore used 
externally to treat itdiing and m an mfusion or 
decoction as an antispasmodic, sedative, stom- 
avhiv. rclinfiiiie v'erniifvtge. abortive, diuretic and 
purgative, e.g. to treat gum infections, snakebites, 
gonorrhoea, epilepsy and jaundice; the fruits and 
seeds are used to t rc>at ophthalmia. In Ghana an 
nquoous extract of leaves from immntuiv shoots 
is administered ora% to patients with diabetes 
mellitus. A medicine for the management of 
peptic ulcer and methods of its preparation and 
use have been patented. In several regions in 
Africa it is believed that the indigo in clothes 
prevents skin complaints. In East Africa the 
twigs are usi .l !" i leariiiiK teeth. 

Production aud international trade Already 
in antiquity indigo was traded from India to 

the Meditcrr.inrrm i'ct;ion hut this hocnme 
more important during the Middle Ages. 
Large-scale cultivation of Indigofera started in 
tin ifi'h century in India and south-eastern 
Asia. Later, larjje plantations were established 
in Central America and the southern United 
States. The large-scale export of indigo from 

.\sia to Europe started in about and had 

to compete with dye from woad which was cul- 
tivated mainly in Prance, Italy, Germany and 
Great Britain. By the end of the 17^'' rentuiy 
indigo had almost completoly replarrd woad. 
Synthetic mdigo, which came into commercial 
production in 1897, proved catastrophic to the 
production of natural itn!ii:(i and by l!M I nniy 
4% of the total world production was of plant 
origin. Then Cbllowed a period in whidi es- 
thetic indigo lost some of its importance due to 
competition from new synthetic dyes, but the 
ever growing popularity of blue jeans enor- 
mously contributed to a revival of interest in 
indigo. At present the rrop is still cultivated 
for dye production on a small scale in India and 
in some parts of Africa, southern Arabia 
(Yemen), Central America and Indonesia. The 
most important present-day ct^ntre of inditjo 
production from Indigofera is probably the 
northern part of Kamataka state in India. In 
India, annual production of fiidi\^nf,'r(i ilyo 
gradually decreased from 3000 t from GUO.OOO 
ha in 1890, to 50 t from 4000 ha in the 19508, 
to an annual expoi t fluctuating between 2 t 
and 20 t in the ID'.MIs 

Properties Indigofeixi plants contain the 
gluooside indican. After soaking the plants in 
water, eng^rnuc hydroljrais trans&rms indican 



into indoxyl and gluco.se. Indigotin (often also 
called indigo or indigo-blue) formation results 
from the grouping of two molecules of indoxyl 
ni the presence of oxygen. Indigotin is insolul)le 
m water, so to dye textiles it must be reduced 
to a soluble form (colourless 'leuco' indigo or 
indigo-white) by a fermentation process under 
alkaline conditions or by a chemical reducing 
agent such as sodium dithionite. Subse<|tieilt 
oxidation by airing of the lexliK' .-ift< r its re- 
moval from the dy<' bath results in th<' regen- 
eration of indigotin and fixation of the blue 
ooloiur onto the textile. Natural indigo can ocm- 
tain varying proportions of a chemically related 
red dye called indirubin and of the minor iso- 
meric compoimds isoindiruhin (red) and iaoin- 
digo (brown). 

The leaves of Indigofera arrecin contain 4.5% 
N, 0.02% P2O5, 1.96% K2O and 4.5% CaO. 
Whole plants of Natal indigo showed good pal- 

atability in sheep. 

An aqueous exti act prevented the development 
of hyperglycaemia m genetically obese diabetic 
mice. In tests with rats, an intraperitoneal 
administration of a hot water extract of dried 
leaves decreased the plasma glucose levels of 
fasting normoglsrcaemic rats, but did not pre- 
vent the ris(> in plasma gluc-ose after an oral 
glucose load. It was sut^^u'i st ed that the extract 
is insulinotropic and may re<iuire functional P- 
cells to be active. In tests with healthy, non- 
diabetic young adult male vohmteers in 
Ghana, an extract of Natal mdigo increased the 
erythroq^e sedimentation rate and decreased 
lyniiihocyte concentration in the blrH)d It did 
not alter the mean systolic and diastolic pres- 
sures, nor did it change fasting blood glucose, 
whereas serum marker enzymes MUd metabo- 
lites for hepatic and renal functions remained 
normal. These data suggest that the species 
may not have overt toxic reactions but oould 
affect thi' immune status of users. The extract 
also showed no acute cmd subchronic toxic ef- 
fects in tests with mice. 

Adulteratiuus and substitntea Several other, 
often unrelate.l jilant species are sour«;'S of 
indigo dyes, i'lvamples include woad from 
Europe, Polygonum tinetorium Aiton from 
f 'hina Korea and Japan. .Assam indigo {Sirnbi- 
laiUhes cuaia (Nees) Kuntze) from Indo-China 
and Thailand and Marsdenia tinctoria R.Br. from 
txopicai Asia. In West Africa, gara [Philenoptera 
cynnPscPHs (Schumach. & Thonn.) Robeiiy) and 
Gambion indigo {Philenoptera ktxiflom ((Juill. & 
Peny) Rob^rly) are important sources of indigo. 
Hiey also contain indican and are often combined 
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with indigo from hidigofera species in traditional 
indigo dj'euig processes. Other natural sources 
of indigo are a mutant of the fungus Schizo- 
pli villi in coniiniiiii' and thf purple snail 
Hexaplex trunculus, which mostly contains 
precursors of indigo and only minor propor* 
tioiis of the bromine derivatives of indiRo of 
which the famous Tyrian purple dye of antiq- 
uity was composed. The most important substi- 
I ui e or natural indigo, however, is the synthetic 

in<hist rj;d pfodurt 

Description Annual to perennial herb or 
sub^rub up to 2(-3) m tall; stem erect, copi- 
ously branched, slightly ndiit d. covered with 
appressed, whitish or brownish 2-liranched 
hairs. Leaves arranged spirally, impanpinnate; 
stipules subulate to bristle-like 2-9 mm long; 
petiole up to i n tni long, thickened at base, 
rachis up to G cm long; stipels subulate, up to I 
mm long: petiolules c. 1 mm long; leaflets 7—21, 

narrowly rllipt iral-oblnng, up to 20 mm ^ 7 
mm, usually' glabrous above, appressed hairy 
below. Inflorescence a usually sessile, many- 
flowered axillary raceme up to 5 cm long but 
usually much Eihorter; bracts lanceolate, c. 1 




Inrtiffofera arrpcia 1. floireriug and fniitiitg 
branch; 2, pari of stem with leaf and inflores- 
eeiice; 3, flower; 4, fruit; 6, seed. 
Source: PROTA 



mm long, caducous. Flower.s bisexual, papil- 
ionaceous; pedicel c. I mm long, strongly re- 
flexed in fruit; calyx c. 1.5 mm long, the tnlie 
about as loiiu .(s the o triantiular lobes, 
brownish uppressed hairy; corolla c. 5 mm long, 
pinkish or reddish, standard obovate, narrowed 
gradually to the base, wings with ver>' short 
claws, keel laterally spurred; stamens 10, 3-4 
mm long, upper one free, the other 9 united 
into a tube; ovary superior, 1 -celled, with long 
.'^tyle. Fi-uil n linear pod 12-17 mm long and r. 
2 mm wide, straight, shghtly tetragonal, brown 
when ripe, 4-6-seeded with stight constrictions 
bi'tween the sccrls. Seeds shortly oblong c 2 
mm X mm, rhombic in cross-section. Seed- 
ling with epigeal germination; cotyledons thick, 
short -lasting. 

Other botanical information Iinh'i;<>ffr/i is 
a very large genus comprising approximately 
700 species and is distributed throughout the 
tropics and subtropics of .Xfrica .\sin and the 
Americas. Africa and the southern Himalayas 
are ridiest in species. Over 300 species have 
been recorded for tropical Africa. 
For indigo production several Indigoft'ta spe- 
cies are used but there are 3 closely related 
major onee: Indigofera arreeta, Indigofera tine- 
tdvin I, w hich probably origin. it i s fi-om iropi- 
cal Asia but is now distributed pantrupic.illy, 
and Indigofera suffnilieosa Mill., origin aiing 
from tropical America and nov. 1 . illy culti- 
vated elsewhere in the tropics, including . Xfrica 
and Madagascar but not m tropical East Af- 
rica. The origin and identity of Indigofera 
plants cultivated for dye production is oft on 
obscure as a result of mtroduction, selection 
and the close affinity of species. Indigofera 
arreeta is sometimes difficult to separate from 
Indignffra liuclnrin The latter usuidly differs 
in its larger and less numeix)us leaflets and 
kmger fruits containing more seeds. In East 
Africa, but not in West Africa. Indigofera ar- 
reeta generally occurs at higher altitudes 
(1000-2000 m) than Indigofera tinctoria (below 
1000 m). Indigofero sn fini licn.td diiTors from 
Indigiifcra arrrctct l)\ its siiort. 10-l."i mm long, 
red-brown pods. Intermediate specimens be- 
tween these 3 species have been found, possibly 
of hybrid origin. 

Growth and development Seeds germmate 
in about 4 days. Plants may start to flower 3 
months alter sowing. like many other legumi- 
nous plants Indignfcra arreeta forms root nodules 
with nitrogen-fixing capacity with e.g. Rhizo- 
hium ituUgftferae. The total lifeq)an far <^e 
crops ia 2-3 years wh^ grown as a ratoon crop. 
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Ecology Indijiofera arrecia occurs in open 
deciduous forest, upland evergreen bushland, 
often in forest margins, and secondary re- 
growth It occurs at 200-2700 m Mlfitudc. in 
regions with an annual rainfall of 400-1800 
mm. The plant is deep-rooting and withstands 
drought well, WTien used ;is :i cover crop Xntal 
indigo can only be grown in gardens or planta- 
tions with little or no shade. An estabUshed 
crop can withstand very wet soil for up to 2 

iTionf bs 

Propagation and planting Propagation is 
usually by seed. Seed jrields of 675-1200 kg/ha 

have been reported for India. Tlic sr-i ds have a 
hard seed coat and soaking overnight in water 
or aearifieation with sulphuric add is needed 
before sowing. Fields are prepared by hoeing or 
by one or two plou^^hin^js after showers followed 
by light harrow ing before and after broadcast 
sowing. Sowing in a nursery and transplanting 

into the field mny nlso be prnctisod. 

Management The crop normally rvMjuires 
little attention after sowing. Weeding i» done 
when needed. As a cover crop, Xatal indigo is 
slashed at reijular intervals. Production of seed 
IS usually poor in plants that have been cut. 
Seed production therefore requires plants to be 

grown s[ii i-jfically for Ihis piirjiose 

Diseases and pests Nalal indigo at- 
tacked by RcU$tonia aokmaeecaum (syn <r.\in: 
BaciUtta aoUjmaceamnii, several fimgi and 

nematodes. 

Harvesting Branches are harvested when 
the plants are 4-5 months old and have formed 

a clr)sed stand usually at the flDWeriiiK sta^'e, 
The plants can be cut again 2—4 months later. 
Up to 3 harvests are possible per year when it 
is grown as a ratoon cmp 

Yield The >lye yu Id from Natal indigo is 
higher than from any other Indigo fern species. 
Annual yields of 22—100 t green matter per ha 
ha\c biv n reported in India: the recorded out- 
put of mdigo cake is 135-325 kg/ba per year. 

HandUng after harvest In small-scale cul- 
tivation in Africa. har\( st< il 1 i im hes are often 
pounded to a soft [lulji and nia<le into balls, 
which are sold on the market after drying. This 
is the method described by Andr6 Alvares de 
Almada in IJifiH and in all early reports. In 
large-scale cultivation the branches are put in 
a water containing tank or pit immediately 
after har\'e9ting, After some hours of fermenta- 
tion during which enzjTiiic hydrolysis leads to 
the formation of indoxyl, the liquid is trans- 
ferred to another pit or tank and stirred con- 
tinuouefy for several hours to stimulate oxida- 



tion of the indoxyl to indigotin. Afterwards, the 
solution is left to rest and the insoluble indi- 
gotin settles down to the bottom as a bluish 
sludge. The watei- is drained off. and after the 
iudigotm has been washed to get rid of impuri- 
ties, it is pressed, dried and usually cut into 
cubes which can be pai ked and sold. 
To dye textiles, indigotm must be reduced to a 
soluble form under alkaline conditions. In tra- 
ditional processes (in lii: ' ii.s), the reduction 
of indigotin into soliihli- indigo-white is 
achieved through a bacterial fermentation. The 
reducing bacteria are obtained in the bath by 
adding vegetable ni.itt* r such as the crushed 
indigo balls, or, when mdigo powder is used, 
cvudted balls of Philenopfem leaves, or, according 
to some redpes, molasses, coconut -milk, banana 
or guava leaves. An alkaline pi I of around 8.2 is 
adequate and is maintained by addmg a potash 
lye prepared from the ashes of different cald- 
nated plants siw cinlly selected for this puipose in 
each region (among the A'larka women of Mali the 
most appreciated spedes are Adansonia digfiata 
L il'aul>ab), Aliogeissiis leiocarpa (DC.) Guill. & 
I 'err Balditih's aegyptiaeu (L.) Delile. Batihutia 
reluiilata DC. and Faidherbia albida (DeUle) 
AChev.). Less often, the bath is made alkaline by 

adding fi^eshly slaketl lime. In the industrial prtx-- 
eaa, an alkaline solution of sodium dithionite is 
used for redudng indigo to indigo-white. This 
polluting chemical process has now been 
adopted by most ernft dyei^. Often n gum (e g 
from Acacia Senegal (L.) VVilld. or Aiiogeissus 
leioearpa (DC.) Guill. & Perr.) is added to make 
the coloured textile mnre durable and wind- 
proof. After the textile has been dipped mto the 
solution of indigo-white, it turns bhie when 
exposed to the air. Several dips are needed to 
impart a dark blue colour to the textile and 
especiallj' to cotton fabrics, each dip followed by 
exposure to the air for some time. In Africa vny 
often dyeing is followed by calendering, a finish- 
ing process that consists of beating indigo pow- 
der onto the surface of the doth using heavy 
mallets to give the textile an iridescent, metallic 
shine, like on the Tuareijs' veils This finish has 
both aesthetic and medicinal purposes; since the 
indigo powder is not fixed durably onto tlie doth 
it discharges onto the .skin of the people who wear 
such cloth and acts as a disinfectant and dcatrts- 
ing drug Textiles dyed with indigo are veiy cd- 
nu I I I : I n li^t and washing, less so to nibbing. 

Genetic resources Indif-ofrrn nrrecin is 
widespread in -Airica and is unlikely to be li- 
able to genetic erosion. The share of related 
spedes in the gene pool of plants cultivated as 
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Indigofera arrecla is unclear, as is the influ- 
ence of these species and of cultivated plants 
on the genetic variation of wild-growing Indigo- 

fera atrecta. 

Several germpiasm collections of Indigo fera 
exist, the largest being maintained at CSIRO, 
St. Lucia. Quefnsl;iiid. Australia (365 accessions) 
and CIAT, Call, Colombia (250 accessions). In 
Africa, collections are present in E^thiopia (ILRI, 
Addis Ab.-ibn, (iO accessions), Kenya (e.g. National 
( Jonobnnk of Kcmy,) K'ilcuyu (40 acoessions) and 
in South Ali'ica (Pretoria). 

Proapecta In ^ite of its cultural impor- 
tance, the use of indigo of vegetable origin has 
almost disappeared, being replaced by syn- 
thetic ind%o. hi West Africa oolouxfiil printed 
textiles, which have a long histoty in local fash- 
ions, are now the most import!tnt type of tex- 
tiles worn by the majonly of people and they 
are mainly imported from Asia or ESurqpe. In 

recent years with worldwidt^ inrrensin<i ron- 
oem for sustainability and the demand from 
consumers for natural products, there has been 
a revival of interest m n .itural indigo. Much 
research still has to be done to optimise indigo 
production from the most promising plants. 
Natal indigo is a multipurpose species; it is 

vety useful as a forn^je ;in<l as n cowr crop and 
U'l'cen manure in agriculture, and its medicmal 
jiroperties deserve more research. 

Major references Bnlfoui-P.iul. li)i)8: Bur- 
kill, 1^';'" I .irdon, 2003; Duke, 1981; ( Jillett ot 
al,, 11*71, l iieen, 1995; Lemmens & VVessel-Rie- 
mens, 1991; Oei (Editor), 1985; Schrire, 1998; 
Sittie & Xynrko, 1008. 

Other references Addy, Addo & Xyarko, 
1992; Boser-Sarivax^vanis, 1969; de Melo, 
1947; du Puy et nl. I'OOL'; (Jillett, 1958: Hep- 
per, 1958: Miege, 1992: .Vlonteil, 1971: Nyarko 
et al., 1999; Nyarko, Sittie & Addy, 1993; Pic- 
ton & Mack, 1979; Sudibyo Supardi & Hurip 
Pi itomo 2003. 

Sources of illustration Hepper, 1958; Trou- 
pin, 1982. 

Antliors R.H.M. J. Lemmens & D. Cardon 



INDIGOFERA OOERULEA Roxb. 

Protologue l-^l. ind. ed. 1832, 3: 377 (1832). 
Family Papilionaceae (Leguminosae - Papil- 
ionoideae, Fabaoeae) 

Chromosome number '2u = W 
Synonyms hidigofem articulala auct. non 
Gouan. 

Veniaoular names Indigo (En). Indigotier 



(Fr). ^Xnilcira (Po). MniU (Sw). 

Origin and geographic distribution In trop- 
ical Afirica ludigofera coendea occurs in the Sa- 
hel zone from Mali east to Somaliii ;m<l south 
to Kenya and Uganda, it is also found from 
Algeria though Arabia to India and Sri Lanka 
and it has been introduced in Mauritius. In- 
digqfera coendea was formerly much culti- 
vated for indigo in drier areas and its wide 
distribution has possibly been influenced by 
this fact. 

Uses All aboveground parts of Indigo/era 
coemlea are a source of indigo, which is used to 
dye textiles blue, In the Ogaden area of Ethio- 
pia dried, ground up leaves and roots are used 
as a wound dressmg. An extract of the leaves is 
drunk against constipation and applied as a 
wash against infected eyes. 

Properties ludigofera plants contain the 
gluooside indican. After soaking the plants in 
walcr, enzymic hydrolysis transforms indican 
into indox}'! and glucose. Indoxyl can be oxi- 
dized to indigotin (indigo-blue). Indigotin is 
insoluble m water, so to dye textile it must be 
reduced to u soluble form by a cheinical or fer- 
mentation process under alkaline condilions. 
Textile fibres dipped in the vat become im- 
pregnated with the soluble and colourless 
leucu -form of the dye (indigu-white) and sub- 
sequent oxidation Cairing') results in the pre- 
cipitation of the blue indigotin on the textile. 
Natural indigo also contains varjing propor- 
tions of a chemically related red dye called 
indirubin. 

Botany IlerVi up to 1 ni tall with slightly 
angled stem, densely covered with appressed, 
silvery hairs. Leaves alternate, pinnately com- 
pound with 5-9(-ll) leaflets; stipules triangu- 
lar-subulate, I— .3 mm long; petiole up to 2 cm 
long, rachis 6 cm; petiolules c. 2 mm long; leaf- 
lets oblong-obovate, up to 32 mm x 23 mm, 

densely haiiy. Inflorescence an ;ixillary, ses- 
sile, many-flowered raceme up to A cm long. 
Flowers bisexual, papilionaceous; pedicel c. 1 
mm long, strongly refle.xed after IIonm img; 
calyx tubular. 5-lobed. 1,5 mm long, densely 
white or golden-brown hairy; corolla golden- 
brown hairy outside; stamens 10, upper one 
firee, the other 9 united, mm long: ovarj- 

superior, 1-oelled, style long. Fruit an indehis- 
cent, curved, hairy, cj'lindrical pod c. 15 mm x 
2-3 mm x 1.6-2 mm, with 3-4 oblong-elliptical 
segments, upper suture about 1.5 mm wide, 
silvery hair>' when young, brown when old, 3- 
4-seeded. Seeds ellipsoid, smooth. 
ludigofera is a vety large genus, comprising 
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about 700 species pantropically, with more 
than 300 in tropical Africa. Based on the hairi- 
ness of the leaflets, 2 varieties of Indigofera 
coi'iulcd li;i\(> been distintjuished: vnr ciwniJcit 
with upper side of the leaflets glabrous and 
var. oecidentaUs J.B.Gillett & Ali with upper 
siili' r)f the Iciiricls liiiiiy, lit<Uii<)fcrii cni'iuJfii 
has been much confused with ludigofem ar- 
timhta Gcuan from Egypt and Arabia, which 
has 3-5 leaflets, globular pod segments and a 
narrow pnd sufuro. 

Ecology Indigo fera coenilea grows m subde- 
sert and open Aemia-Commythora bushland, 
at 200-1250 m ;dtitude. in areas with an an- 
nual rainfall of 200-250 mm. 

manAgiemeiit Althoui^ Jndigafora eoemlea 
has been cultivated, details about cultivation 
methods are not known. It is supposed that 
cultivation will be more or less similar to that 
of, for example, Indigofera tureeta Hochst. ex 
.A.Rirh. 

Genetic resources and breeding Indigo- 
fera eoemlea is widespread and not in danger 

of genetic erosion 

Prospects The usf of natural indigo as a 
dye has almost disappeared and has been 
lately replaced by synthetic indigo. The re- 

v'ivnl of interest in nntiirnl dyes micht rdso 
involve Iiidigu/eia eoemlea, which now is only 
of marginal importance as a source of blue dye 
in dry nrens. 

Major references Burkill, 1995; Cardan, 2003; 
GiUettet al., 1971. 

Otker references Gillett. 1958; Lemmens 
& Wessel-Riemens. 1991: Neuwil^r. 2000. 

Authors P.C.M. Jansen 



Indigofera. LONGIRACEMOSA Boivin ex 

BaiU. 

Protologue Bull. Mens. Soc. Linn. Paris 1: 

399 (1883). 

Family Papilionaoeae (T^^f^minosae - Papil- 
ionoideae, Fabaoeae) 

Vernacular names Indi^'o (En). Indigotier 
(Vr). AnUeira (I'o). .Vhiili (Sw). 

Origin and gieografdile disMbntion Indigo- 
fera huiiiiraci'tnosa is indiijenous ei);)st;d 
areas of Kenya, Tanzania, Comoros, Madagas- 
car and southern India. Occasionally it has 
boon rultirated m Mndagascar and introduced 
r lsewhero, o p. in Indonesia. 

Uses in its distribution area, ludigofem 
lonfiracemosa is a minor source of indigo, used 
to dye textiles blue. Historically it is periiaps 



most important in Madagascnr, where the dye 
of Indigofera longiracemosa is considered supe- 
rior to the dyes of Indigofera liiu toria L. or 
Iiidifiofera .viffriiliiD.sa Mill Tlie ilye was ex- 
tracted both at domestic and industrial scale. 
TraditiGnal indigo-dyeing tedmiques in Mada- 
gascar mainly used local Indigofera leaves both 
fresh and in a composted state. Indigo dyemg 
was still important there until recent years, 
(■specially for the majjnificent raffia t<>xliles 
(•all< il lay ina.-i,ika whirh nrr .still pi'iiduced 
e.g. m Kandreho village in the former Salialava 
kingdom near Maevatanana. These textiles 
have ornate designs made with an ikat' tech- 
nique in which parts of the warp yarns that are 
to remain undyed are tightly entwined with a 
thick thread. The yams are then dyed and set 
on the loom, whereby the undyed parts of the 
yarn form a light -coloured pattern on a dark 
ground. Other natural fibres such as silk, cot- 
ton and wool, absorb indigo blues more easily 
using a dye bath and the colour is more pro- 
nounced. 

Indigofera longimcemoaa is also used as a 

green manure. In Madagascar a decoction of 
the leaves is used as a diuretic. In India the 
root has been used in tribal medicine as an 
antidol'- !" -nako poisons. 

Properties Indigofera plants contain the 
glucoside indican. After soaking the plants in 
water or pounding the leaves, enzymic hy- 
drolysis transforms indican into indoxyl and 
glucose. Indoxyl is then oxidized and polymer- 
ized to indigotin (indigo-blue). Indigotin is in- 
soluble in water, so to dye textiles it must be 
reduced to a soluble leuco or colourless form 
(indigo-white) by a diemical or fermentation 
pro( ess imder alkaline conditions. The cloth to 
be dyed is soaked in this solution. Subsequent 
re-oxidation of the mdigo-white results in the 
precipitation of the blue indigo colour on the 
textile. Xalural indigo also contains varying 
proportions of the chemically related dye com- 
pounds: indirubin (red), isoindirubin (red) and 
isoindigo (brown). 

Botany Erect annual or short -Ined peren- 
nial herb or subshrub up to 2 m tall; stem red- 
brown, glabresoent; branches slender, bearing 
few small hairs. Ix^aves alternate imparipin- 
nate with 5-13 pairs of leaflets; stipules subu- 
late, c. 2 mm l<mg; petiole c. 1.5 cm long; leaflets 
elbptical. up to 2.5 cm x 1.5 cm, sparsely hairy, 
distinctly blue-green. Inflorescence a many- 
flowered, almost sessile, usually long and lax 
raceme up to 10(-14) cm long, often exceediI^; 
the leaves. Flowers bisexual, papilionaceous, c. 
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4 mm long; pedicel c. 1 mm lonp, stronglj' re- 
flexed after flowering: calyx tubular, up to 1 mm 
long. 5 lobes Innyt r tinin the tube, brown haiiy; 
conjila pink dciist'ly lno\vn-hair\' outside; sta- 
mens 10, c. 3 mm long, upper one Ij-ee, the other 
9 united; ovary superior, 1 -celled, style long. 
I-'riiit a straight cylindrical pod up to 2 cm x 2,5 
mm. not constricted between the seeds, pointed, 
sparsely hairy, brown, 4-6-8eeded Seeds flat- 
tened rectangular, 2.6 mm x 1.6 mm, pitted 
Jiull^ofrrn is n vrjy Inrgo gonu-s, comprising 
about 700 species pantixipically, with more 
than 300 in tropical Africa. 
Indigofera steiiosepala Baker is another minor 
source of indigo for dyeing, indigenous to 
Madagascar, where it is widespread and com- 
mon. An infusion is used to stunulatc the appe- 
tite and to treat stomach ulcers and other di- 
gestive disorders. 
Ecology hidigofera tongiraeetnosa is found 

in lowland iisurilly coastal regions up to 100 m 
altitude, in areas with an annual rainfall of 
1000-1500 mm. In Madagascar it is found in 
dune vegetation or grassland on sand often 
around villages, up to 200 m altitudo hi Indo- 
nesia it IS grown at about 1G50 m altitude and 
is attadced by pests at lower altitudes. 

Management fndiffofera lougiracciuosn is 
occasionally cultivated but no cultivation 
methods are known. Cultivation is probably 
si mi 1.1! h thai of Indigofera arrecta Hochst. ex 
.X.Ruh in Madagascar domestic extraction of 
mdigo was done in several ways. Commonly, 
harvested plants are stacked in a big container 
(a barrel with a tapped hole at the txittoin) 
Water is added to cover the plants and they are 
weighed down with a stone. The plants are left 
under water for about 12 hours, or as long as 
air bubbles come to the surface. Then the ex- 
traction water is drained oft' through the hole 
at the bottom into another container. It is 
mixed with a solution of slaked lime On \ i)lume 
proportion 3:1) and well beaten to brmg m oxy- 
gen and allow the formation of indigotin. Agi- 
tation and the addition of small amounts of 
lime water cxintinue until Itiue indigo particles 
are formed. Now stirring continues but without 
addition of lime water. Then the liquid is left 
undisturbed for some time to allow the indigo 
to precipitate on the bottom. After pouring off 
the waste liquid, the indigo paste is collected 
into a mould with small holes on all sides that 
allow the evacuation of remaining water. When 
the paste is firm enough, it is taken out of the 
mould and the loaf is left to dry in the shade 
(sun would taint it pale blue). When dry the 



loaves are cut and packed, being ready for use 
or trade. Out of 10 kg fresh leaves, this domes- 
tic scale method produces 26 g of indigo with 
an average indigotin content of about .'11% 
In an alternative method lor pi-eparing the dye 
bath or vat in Madagascar, fresh Indigofera 
leaves are pounded and the paste is left to fer- 
ment by specific bacteria. A concentrated infu- 
sion of fresh leaves is added repeatedly to keep 
(he paste moisi When the indigotin has fully 
developed in this compost the paste is used to 
set a vat with boiling water and ashes from 
burnt banana-plant stumps. The aah-lsre serves 
to maintain the alkaline pH necessarj' for the 
reduction of the indigotin to soluble indigo- 
white by a biological process. After a few days, 
when the reduction is complete, dyeing can 
take place by repeated alternate dipping and 
airmg of the skins or te.\tiles. Depending on 
the number of dippings, the shades of blue ob- 
(ained vary from pale greyish blue to dark 
navy blue. Different proportions of fresh leaves 
and compost, and different stages of compost 
fermentation may produce various shades of 
greenish blues, while the proportion of in- 
dirubm, an isomer of indigotin produced in the 
process, may give pinkish-purplish shades. 

Genetic resources and breeding hnliffo- 
fern loiigiracemoaa is not m danger of genetic 
erosion. 

Prospects Indigofera longiracemoaa will 

remain a minor but locally important source for 
indigo dyeing, if current programmes to revive 
the use of natural <fyes in traditional textiles of 
Miid.iu'.ascar lead to commercial sucr-ess. interest 
m natural indigo will also mcrease, as well as 
cultivation of Indigofera species. 

Major references Decarj', liMtJ; du Puy et 
al. 2002: Etheve 200n: Xogue ]<)()(). 

Other references GiUett, 1958; Gillett et 
al., 1971; Sosef & van der Maesen, 1997. 

Authors P.C.M. Jansen 



Indigofera TiNcroRiA L. 

Protologue Sp. pi. 2: 751 (1753). 

Family Papilionaceae (Leguminosae - Papil- 
ionoideae. Fabaceae) 

Chromosome niunber 2u = IG 

Synonyms Indigofera mmatrana Gaertn. 
(1791). 

Vernacular names Indian indigo common 
indigo (En). Indigolier tinctorial, mdigotier des 
Indes (Fr). Anileira dos tintureiroa, anileira da 
India ^o). Mnili, mnsruka (Sw). 
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Origin and geographic distribution The 
origin of liidigofem tinctoria is not known; it 
possibly originates from India. Its range has 
been grently extemled by its cullivatidii fin- 
indigo and subsequent naturalization, it occurs 
wild or naturalized in most countries of Afirica, 
in Asia from Arabiti to South-East Asia and in 
Australia. In Madagascar it seems to occur 
wild, while in most other Indian Ocean islands 
it probably has been introduced and sometimes 
naturalized. In tropiml Anicrira it rertninly 
has been introduced. Due to its historical ex- 
ploitation and cultivation it is now distributed 
pantropioally. The use of indigo extracted from 
liidigofem species has a long history. Indigo 
plants and the dyestuff were alreadbr meU' 
tioned in the oldest Sanskrit records. The blue 
dye used for textiles of EK'yi>tian mummies 
may, in some cases, come from an Indigufera 
species but woad (/scrfu tineioria L.) is another 
indigo-bluo producing plnnt known to ancient 
Egyptians. The most ancient archaeological 
textiles discovered in West Africa, the 'Tellem 
textiles, were found m funeral caves in the 
Bandiagara cliff in the Dogon area of Mali. 
Some of them dale back to the 11'^ or 12»h cen- 
turies and already include stripes, checks and 
tie-nnd-dye patterns done with indigo from 
ludigofera or Philenoptera species. An early 
description of the local extraction process of 
indigo from an Indigofenx species in (Guinea 
was left by the Portuguese e^lorer Andre Al- 
vai-es de Almada m 1566. 

Uses Leafy twigs of Indigofera tmetoria and 
some closely related hnU^ofeni spi-cies are the 
main sources of the indigo dye used smce very 
ancient times for dyeing textiles blue. The 
leaves and twigs do not contain indigo but col- 




Itidigofera tinctoria - wild and planted 



ourless precursors that must be extracted and 
processed to produce the indigo dye. Because of 
its fascinating d<'< p lilu> m jour, its great colour 
fastness t(i light and tlie wide range of colours 
obtamed by combining it with other natural 
dyes, indigo has been called the king of dyes'. 
No other dye plants have had such a jirominent 
place in as many civilizations as Indigofera 
species. In western Africa indigo is by far the 
most important dye of plant origin. It plays an 
important role in traditional cultures nf many 
people, whether only wearers of indigo-dyed 
textiles like the Tuareg in the Sahara and 8a- 
hel rei:;iini (Xit;i'r Mali), (ir renowned indigo 
dyers, among which the Soninke (Sarakole) 
and Wolof in S«iegal, the Mailca women of the 
Djenne region in Mali, the Dyula and Baule in 
'^ote d'lvoire. the Yoruba and Ilausa m Nigeria 
and the Dumoum and Bamileke m Cameroon. 
Itiis part of the world is a major centre of tex- 

tile decoration techniques basr'd on the concept 
of resist-dyeing and linked with mdigo dj'eing: 
intricate patterns are made on the cloth that 
will resist being dyed. This is <kn\y by tying, 
sewing or plaiting parts of the cloth or by cov- 
ering them with starch pastes or wax. The 
piece of cloth is then plunged into the indigo 

vat If) dye the tmlrerited parts. .\ft(>r the i-esisi 
threads or pastes have been reme\<'d white 
patterns on a blue ground appear Light blue 
patterns on a blue-black ground are Oa med if a 
last indigo both is given after undoing the re- 
sist. In Madagascar too, mdigo dj-eing is ver>- 
important, for instance in raffia ikats, beauti- 
ful textiles m which the 'resist' patterns are 
formed by tying parts of the warp yarns with 
thidc threadb before dyeing them with indigo 
and putting them onto the weaving loom, 
which again creates white designs on a blue 
ground. However, the use of natural indigo is 
rapidly dedining and nowadays, synthetic in- 
digo is almost exclusively used not onlj' in 
industrialized processes but also at craft level. 
Indigofera tinctoria is useful as green manure, 
used e.g. in India in coffee plantations and pre- 
ceding rice maize cotton and sugarcane. In 
traditional l ainfed nee cropping systems m the 
Philippines Indigofera tinctoria is a popular 
green manure increasing rice yield while re- 
ducmg the need to supply' expensive nitrogen 
fertilizer to about half. The residue remaining 
after indi^'o extractiini is also applied as ma- 
nure. .Another reason to grow Indigofera tineio- 
ria as gi*een manure is because it is a good N 
catch crop, reducing the amount of fertilizer 
NOa leaching to the groundwater. As fodder 
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Indifiofera tiiirlorio is hardly of value. In 
Kenj'n it is sometinips fed to camels and sheep, 
and goats occasionally cat it, but in India it is 
considered nnf);diit alik' to cultlc. 
Ill Cameroon twigs are used as a toothbrush. 
In traditional medicine leaf extracts (some- 
times taken with honey or nulk) arc usc<l to 
treat epilepsy, ner\'ou8 disorders, asthma, 
bronchitis, fever, complaints of stomach, liver, 
kidn^ and spleen, as a rabies prophylactic, 
and n? nn ointment for ?kin diseases, wounds, 
sores, ulcers and haemorrhoids. A leaf extract 
is also used to treat bums and sores on cattle 
and horses A tincture of the seed is used in 
India to kill lioe. A root preparation is applied 
in Cameroon to relieve toothache, in Tanzania 
as a remedy against syphilis, gonorriioea and 
kidiicN <tim<' and in India a waterj' root paste 
IS applied to worm-infested wounds. In India a 
root infusion is used as an antidote against 
sn.i]« l>itos and to treat insect and scorpion 
stings. 

Prodnction and mtematioiial trade Al- 

ready m antiquity indigo was traded from In- 
dia tu the Mediterranean region, but this be- 
came more important during the Middle Ages. 
Large-scale cultivation of Indigo fom started in 
the H)'*' ((Miliiry in India and south-eastern 
Asia. Later, large plantations were established 
in Central America and the southern United 
States. The large-.scale export of indigo from 
Asia to Fnrope started in about 1(500 and had 
to compete with dye from woad which was cul- 
tivated mainly in France, Italy, Germany and 
Great Britain. By the end of the 17'^ centurx'. 
indigo had almost completely replaced woad. 
Synthetic indigo, which came into commercial 
production in 185)7. pr'An] catastrophic in \hr 
production of natural indiRo and by lit] I only 
■1% of the total world production was of plant 
origin. Then followed a period in which ^thetic 

indimi lost snme of its importance due to compe- 
tition from new synthetic djes, but the ever 
growing popularity of blue jeans enormous^ 
contributed to a revival of interest m mdiKo. At 
present the crop is stdl cultivated tnr :l\e pro- 
duction on a small scale m India and in .some 
parts of Africa, southern Arabia (Yemen), Cen- 
tral America and Indonesia. The most important 
present-day centre of indigo production from 
hidigofera is probably the northern part of Kat^ 
nataka state in India, In India, annual produc- 
tion of huli^ofera dye gradually decreased from 
3000 t from 600,000 ha in 1890, to 50 t from 
4000 ha in the 19508, to an annual export fluc- 
tuating between 2 1 and 20 1 in the 19908. 



Properties Iiidiaofera plants contain the 
glucoside indican. After soaking the plants in 
water, enzymic hj'^drolysis transforms miln m 
into indoxyl and glucose Indigotin (often .ilsn 
called indigo or indigo-blue) formation results 
from the grouping of two molecules of indoxyl 
in the presence of oxygen. Indigotin is insoluble 
in water, so to dye textiles it must be reduced 
to a soluble form (colourless 'leuco' indigo or 
indigo-white) by a fermentation prcM-ess under 
alkaline conditions or by a chemical reducing 
agent such as sodium dithionite. Subsequent 
oxidation by airing of the textile after its re- 
moval from the dye iiath results in the regen- 
eration of indigotin and fixation of the blue 
colour onto the textile. Natural indigo can om- 
tain varying proportions of a chemically rdated 
red dye callei! indirubin and of the minor iso- 
meric compounds isoindirubin (red) and isoin- 
digo (brown). 

The lra\ f s nf Iiidiffofrra tiitciorio contain per 
100 g dry matter approximately: N 5.1 g, P 
0.35 g, K 1.4 g, Ca 3.9 g. The ash (i. i g) con- 
tains up to 9.5% soluble potassium salts. The 
indigo refuse after dye extiaction contains ap- 
proximately: N 1.8 g, P 0.2 g, K 0.25 g. 
TTie traditional use of Indigoflem tinetoria against 
!i\-cr problems is suiipoi-led by research findings. 
Indigtune, a luoactive fraction obtained by frac- 
tionation of a pel roleum ether extract of the 
aerial parts of hidii>nfein linctoria, showed 
significant dose-related lK ]:i;iloprotcctive activ- 
ity against carbon tetradiloride induced hver 
injury in rats and mice. Alcoholic extracts had a 
very positive elTecf on the liver antioxidant de- 
fence system during D-galactosamine/endotoxm- 
induced acute hqpatitis in rodents. MethanoUc 
extract s of whole plants showed anti-HIV activity 

in cell cultures. 

liidigofera tinctoria has insecticidal properties 
and contains 6 rotenoids: deguelin, dehydrode- 
<:u' lin riitenol rotenone tephrosin and suma- 
trol. Kotenoid concentrations reported are 0.5% 
in roots, 0.3% in stems, 0.6% in leaves, 0.3% in 
fruits and 0.4% in seeds. The contents decrease 
with increasing age of the plant. Sumatrol and 
tephrosin were not produced in callus cultures 
of Indigofera tinctoria. In tests the insecticidal 
property varied. The toxicity of the rotenoids 
was greater to larvae of the mosquito Atiophe- 
lea atephensi than to adults of the pulse beetle 
CaBoaobivclius chinensia. Extracts obtained 
from callus cultures were more effective than 
those obtained from plant parts. The rotenoids 
had a LDbo value of about 117 ppm against the 
crustacean Meaoeyelopa leuekarti, the carrier of 
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(luincn worm larvae {Draciin cuius mediiieiinis) 
which is present in infected drinking water and 
causes a dangerous parasitic worm infection in 
humnns. Root extracts of ItnUgoforn linctoria 
have a strong nematicidal property against 
RadophoUia similia in bananas. 

Adulterations and substitutes Several other, 
often unrelated, plant species are souroes of indigo 
dyes. Examples include woad from Europe, 
Polygonum Imcloriiini Alton from China Korea 
and flapnn, Assam indi^i* (Silr<>hihnithi>s nisia 
(Nees) Kuntze) from Indo-Uhina and Thailand 
and Maradenia tincioria R.Br. from tropical 
Asia. In West Africn i^.-ini (r^hili'iiiijilrni 
^Iftmeaetna (Schumach. & Thonn.) Koberty) and 
Gambian indigo {Philenoptera taxi flora (Guill. 

6 Peri> ) Koberty) are important sources of 
indigo. Tiiev ;ilso contain iiidienn iind are often 
combined with mdigo from Indigo fern species 
in traditional indigo dsreing processes. Other 

nnlurnl soiirrfs nf inditjo nrc ri mutrinl of the 
fungus Schizophyllum commune and the pur- 
ple snail Hexaplex truneulus, which mostly 
ocmtains precursors of indigo and only minor 
proportions of the bromine derivatives of mdigo 
of which the famous Tynan purple dye of an- 
tiquity was composed. The most important 
substitute of natural indigo, however, is the 
synthetic mdustrial product. 

Description Annual to perennial herb or 
siibshrub up to 2 m tall; stem erect, copiously 
branrhod, roverod with approssoH whitish 2- 
branched hairs. Leaves arranged spirally, im- 
paripinnate; stipules narrowly triangular, 1.6- 
3 mm long: petiole uji te 2 cm long, lachis u]) to 

7 cm long; stipels narrowly triangular, up to 
0.6 mm long; petiolules c. 1 mm long; leaflets 
(3-)7-l7{— 21), elliplical to obovate, up to 23 mm 
X 12 mm usually glabrous above, thinly hairj- 
below . lnlloi"escence a sessile, many -flowered 
axillaiy raceme up to 6 cm long but usually 
miirh shorter' brnrts narrowly triangular r. 1 
mm long, more or less persistent. Flowei-s bisex- 
ual, papilionaceous; pedicel 1-1.6 mm long; ca- 
lyx c. 1 mm long, the tube about as long as the 6 
triangular lobes, white appressed hair\': corolla 
c. 4 mm long, standard ovate, c. 4 mm x 3.0 mm, 
whitish with reddish rays, wings with veiy short 
claws, pinkish, keel laterally spurred pink to 
red; stamens 10, 4-5 mm long, upper one free, 
the other 9 united into a tube; ovar>' superior, 
1-ceUed, with long style. Fruit a linear pod 20— 

mm long and c. 2 mm wide and thick, 
straight or slightly curved, rounded in cross- 
section, brown wh^ ripe, 7-12-8eeded with 
sUght constrictions between the seeds. Seeds 




Indigofiera tittetoria - /, flowering branch: 2, 

pari of fnn'liiig branch; 'I fnn'l. 

Redi-au'U and adapted by Achmad Saiiri iVur- 

hatnati 

shortly ohlong, r. 2 mm x 15 mm, rhombic in 
cross-section. Seedling with epigeal germina- 
tion; cotyledons thick, short-lasting. 

Other botanical information Iii'lii^nfcni is 
a ver>' large genus compnsmg approximately 
700 species and is distributed throughout the 
tropics and subtropics of Africa, .\si,i in ' the 
Americas. Africn and the southern Himalayas 
are richest in species. Over 300 species have 
been recorded for tropical Africa. 
For indigo production several Iiidiffofrra spe- 
cies are used but there are 3 closely related 
major ones: Indigofera tmetoria, Indigofera 
arrecta Hochst. ex A.Rich., which oiiginates 
from tropical .Afric.i Inif is now distributed pan- 
Iropically, and Indigofera suffruticosa Mill., 
originating from tropical America and now 

locally culti\-ated elsewhere in the tropics, in- 
cluding Africa and Madagascar but not in 
tropical East Africa. The origin and identity of 
Indigofera ^IttSLtA cultivated for dye production 
is often ohsnire as a residt of introduction, 
selection and the close affmity of species. Indi- 
gofera arrecta is sometimes difficult to separate 
from Indigofera ti$tetoria. Ihe latter usually 
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differs in its Inrpcr and loss numerous leaflets 
and longer fruits containing more seeds. In 
East Africa, but not in West Afru-a lii<h'gofoia 
arn'cla generally ucfurs ;it hii,')ii'i- altitudes 
(1000-2000 m) than liuiigu/era linctoria (below 
1000 m). Indigofera miffrutieosa differs firom 
Indigofera iiiietoiia by its iMther straight, 
short, 10-15 mm long, red-brown pods and 
shorter (c. 3 mm long) stamens. Intermediate 
specimcMis bt lwt tn iln ^. .'. species have been 
found, possiljly of hybn<l origin. Bnsed (»n the 
form of the fruits, 2 varieties are distinguished 
in Indigofera tinetoria: var. tinetoria has 
straight or slightly curved pods (not more than 
50**), var. arcuata J.B.Giilett has pods curved 
more than SO*, oft^ semi-circular and some- 
times forming a ring. 

Growth and development Seeds germi- 
nate in about 4-5 days. Plants may start to 
flower 3-4 months after sowing. Like many 
other leguminous plants. hifUcoforu liuctnria 
forms root nodules with nitrogen-fixing capac- 
ity with e.g. Rhizobium indigo/iBrae. The total 
lifespan for dye crops is 2-3 years when grown 
asa ratoon cro|t. 

Beology Indigofera tincloria occurs in sea- 
SMially flooded grassy fields with scattered 

trees, nnri mIso in rondsides. bush mnrgins. 
brushwood and secondary' forest, and on river- 
banks^ cultivated grounds and sandy coasts. It 
occurs at 0—1 000(-l 250) m altitude, in regions 
with nn nnnuni romfnll of 500- 1500( 1100) 
mm and average annual temperature of 'J.S'C. 
Too much continuous rain, waterlogging and 
flooding kill plants: e.Yce8sive heat and hot 
wmds cause withering. 

Propagation and planting Propagation is 
hy seed, of which 20-30 kg/ha is needed. The 
seeds commonly have a hard seed cnat (some- 
times more than 85%) and soalting overnight in 
water or scarification with sulphuric add can 
improve germination to over 90% Fields are 
pr^ared by hoeing or by one or two ploughings 
after showers followed by light harrowing be- 
fore and after broadcast sowing. Sowmg in a 
nursery and transplanting into the field may 
also be practised. 

Managonotent Hie crop normally requires 
little attention after sowing. Weeding is done 
when needed. Although Indigo/eixt tincloria is 
nitrogra fixing by its root nodules, additional N 
fertilizaticm is not uncommon. 

Diseases and pests N'o reports on diseases 
or pests are available for African countries. In 
Java bidigfifera tinetoria is little susceptible to 
diseases or pests; in humid ctmditions lignified 



plants may be attacked by Corlicitini salmoni- 
color. In the Philippines pests include chry- 
somelid beetles and Clef us spp. in the seedling 
stage and njihids in the xcyetJit ive <tMyi' In 
southern India extensive wilting and drying of 
Indigofera tinetona occurs due to infestation by 
the psyllid ArytaiiKt /iinictipt'inti.s. 

Harvesting Branches are harvested by cut- 
ting 10—20 cm above ground level when the 
plants are 4—5 months old and have formed a 
closed stand usually at the flowering stage. 
The crop should be harvested promptly because 
heavy rains or flooding can destroy it in a few 
hours In India harvested branches are tied 
into bundles of about 130 kg and transported to 
the dye factory. Up to 3 harvests are posaible 
p' 1 \ I n :\ lien It Is grown as a ratoon crop. 

Yield In India the yield of green plant mate- 
rial per harvest is 10—13 t/ha. The dye yield is 
not known. 

Handling after harvest In smnll-srnle cid- 
tivation in Africa, harvested branches are often 
pounded to a soft pulp and made into balls, 
which are sold on the market after drying. This 
is the method described by .\ndie Alvares de 
.\lmada in 156G and in all early reports. In 
large-scale cultivation the branches are put in 
n water containing tank or pit immediately 
after harvesting. After some hours of fermenta- 
tion, during which enzymic hydrolysis leads to 
the formation of indoxyl, the liquid is trans- 
ferred to another pit or tank and stirred con- 
tinuously for several hours to stimulate oxida- 
tion of the indoxyl to indigotin. Afterwards, the 
solution is left to rest and the insoluble mdi- 
gotin settles down to the bottom as a bluish 
sludge. The water is drained off, and after the 
indigotin has been w.ished to get rid of impuri- 
ties, it is pres.sed, dried and usually cut into 
cubes which can be packed and sold. 
To dye textiles, indigotin must be reduced to a 
soluble form under alkaline conditions. In tra- 
ditional processes (indigo vats), the reduction 
of indigotin into soluble indigo-white is 
adiieved through a bacterial fermentation, The 
reducing bacteria are obtained in the bath by 
adding vegetable matter such as the crushed 
indigo balls, or, when indigo powder is used, 
crushed b.nlls of Pliilriiopteralswea, or, accord- 
ing to some recipes, molasses, coconut-milk, 
banana or guava leaves. An alkaline pH of 
around 8.2 is adequate and is maintained by 
adding a potash lye prepared from the ashes of 
different calculated plants specially selected for 
this purpose in each region (among the Marka 
women of Mali the most appreciated species 
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arc Adansonia riigilata L. (baobab), Atiofiei^isiis 
leiocarpa (DC.) (juill. & Perr., Balanites aegyp- 
tiaca (L.) Delile. Bauhinia reticulata DC. and 
Faidherbia albida (Dt-lile) A Chev ), Lessol'icii 
the bath is made alkalme by adding freshly 
slaked lime. In the industrial process, an alka- 
hne solution of sodium dithionilc is usrd fur 
reducing indigo to indigo-white. This pollulint; 
chemical process has now been adopted by 
most era fit dyers. Often a gum (e.g. from Acacia 
SPliPgnl (I.) Willd. or Anogi^is.fus hv'nrnrpa 
(DC.) Guill. & Perr.) is added to make the col- 
oured textile more durable and wind-proof. 
After the textile has been dipped into the solu- 
tion of indigo-white, it turns blue when exposed 
to the air. Several dips are needed to impart a 
dark blue colour to the textile and especially to 
cotton fabrirs vtvAi dip followed by exposure to 
the air for some lime. In Africa very often dyeing 
is followed by calendering, a finidiing process 

that rnnsists of bcatinc indico powdci- onto the 
surface of the cloth using heavy mallets to give 
the textile an iridescent, metallic diine, like on 
the Tuaregs veils. Hiis finish has both aesthetic 
and medic-inal ininidsf's: since the indigo powder 
is not fixed durably onlu the cloth it discharges 
onto the skin of the people who wear each cloth 

and acts as a disinfpcl ant and cicat risinfj drup. 
Textiles dyed with mdigo are very colour-fast 
to light and washing, less so to rubbing. 

Genetic resources Several germplasm col- 
lections of Jiidignfpra exist the largest boinp 
maintained at CSIRO, St. Lucia, Queensland, 
Australia (365 acoesdons) and CIAT, CaH, Co- 
lombia (2">n ;uTi'ssi<ins), In Africa, culli i t ions 
are present m Ethiopia (lUlI, Addis Ababa, (iU 
aooessions), Kenya (e.g. National Genebank of 
Kenya Crop Plant Genetic Resources. Kikuyu 
(40 nrrpssions) and in South .Afrirn i !'rotoria). 

Prospects in spite of its cultural impor- 
tance, the use of indigo of vegetable origin has 
almost disappeared, beinp replnrod hy syn- 
thetic indigo. In West Africa colourful pruned 
textiles, whidi have a long history in local fash- 
ions, are now the most important t\'pe of tex- 
tiles worn In the majonty of people and they 
are mainly unpolled from Asia or Europe. In 
recent years, with worldwide increasing con- 
rorn ffsr sust ainability and the demand from 
consumers for natural products, there has been 
a revival of interest in natural indigo. Much 
research still has to be done to optimise indigo 
production from the most promising plants. 
Indtgofora tinctoria is an interesting species in 
Africa because in addition to its p<rtential as a 
dye producer, it can be useful as a green ma- 



nure in agriculture and as a medicine in tradi- 
tional healing. Its medicinal properties also 
deserve more research. 

Major references Halfoui -Paul. 1998: Burkill, 
1995; Cardon, 2003; Duke, 1981; Gillett et al., 
1971; Green, 1995; Lemmens & Wessel- 
Ricmens, 1991; Oei (Editor), 1985; Scfarire, 
1998. 

Other references Boser-Sarivax6vanis, 1969; 

de Melo, 1947; du Puy oi al., 2002; Oarrity et 
al., \W \ Cillett, 19.58 Ileppor 19,'-i8: Knmal & 
Mangla, 1987; Kama! & Mangla, 1993; Kavi- 
mani et al., 2000; Leite et al., 2004; Malarvan- 
nan & Devaki. 2003; Mi-"-. 1992; MonteU, 
1971; Picton & Mack, 1979; Smgh et al., 2001; 
Sreeja & Charles, 1998; Sreepnya, Devaki & 
Nayeem, 2001; Sudihyo Supardi & Hurip Pra- 
tomo 2003; Sunamo, 1997; Sy, Gtouzis & Dan- 
Ihu, 2001. 

Sources of iUnstratlon Gillett et al., 1971; 

Mansfeld 198(5. 
Authors R. Takawira-Nyenya & D. Cardon 

L \BOURDONN.\ISIA MADAGASCARIENSIS 
Pierre ex Baill. 

Prntnlogue BuU Soc. Linn. Pari82: 917 (1898). 
Family Sapotaceae 

Venuundar names Nato, nantou, bois de natte 

(Fr). 

Origin and geographic distribution La- 
bourdoiiiiuintu inadagascarieiisis is endemic to 
eastern Madagascar. 

Uses Thn hark of Lahntn-dnntiaiaia iiiadn- 
gascaiienais is used for dyeing silk and cotton 
tissues red Occasionally, the baik is also used 
fui- tanning hides. Bark decoctions of .itl La- 
boiifdoiiJiaiMa species are astrinyent and used 
to Heal haemorrhages and menstrual problems. 

Properties The baric of Labmirdannaina 
niadn_Qn.trariensi» contains tannin .Additional 
compounds sudl as phenols, leucoantho- 
qyanins, anthraquinones, terpenes, alkaloids 
and saponins have been detected in the baric 
and leaves of other Ltihoinrlomiaisio species, 
and it is likely that similar compounds also 
occur in Labaurdotmaiaia mttdagcuearienaia. 

Botany Small tree up to 10 m tall, with 
branches growing sympodially. Leaves ar- 
ranged spirally, but clustered at the ends of 
branches, simple; petinl' i 2 cm long; blade 
oblong-oblanceolate, uji to 12 rm x 1 cm base 
cuiieate, apex emarginate, margins strongly 
rolled back, leatheiy, both surfaces grey-waxy, 
midvein prominent, lateral veins numerous. 
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Inflorescence an axillaiy fascicle at the end of 
branches. Flowers bisexual, regular; pedicel up 
to IS mm long; calyx with 6 hairy Bej^nls in 2 
wlinrls <if 3. persistent: corolla with a short 
tube 1.5 mm long and 10-11 lobes up to 4.5 mm 
long, lobes sometimes split at apex and margins 
sometimes with small teeth: stamens 10-11. 
inserted at the top of the corolla tube, filaments 
2.5 mm long, anthers up to 2 mm long, stami- 
nodes 2-i>, very short; ovan,- superior, hairy, 6— 
lO-coliccI style narrowly conical. Fruit un- 
known, but probably a small fleshy 1 -seeded 
berry (as in other Labourdonnaiaia species). 
Labourdonnaisia is a little known ^'eiuis cdin- 
prifling ehaut 6-6 species^ 3 of them m the 
Mascarenes and 2 or 3 in Madagascar. In non- 
taxonomic literature Labourdonnaisia mada- 
gasr'irii'ii.Hi.'i has also been named Iiiibrietma 
nmdagascarienaia. 

Ecology Lahoardonnmtia madagaaearimaU 
is found in humid evorgreen coastal forest on 
sandy soils. 

Management The harvested bark is dried 
and pulverized. The powder is put in boiling 
water, together with the fibres or textiles to be 
dyed. Alter 2 days of boiling, the red dyed fi- 
bres or textiles are taken out and dried in the 
sun In .■mother methru] jjiirt of the bark is bro- 
ken mtu small pieces, which are tied together, 
and another part is pulverized. The pieces and 
the powder are put in a container with water. 
The container is heated until hoiHnij in the 
morning and in the evening and this is re- 
peated for up to 8 dajrs until the dye bath has 
obtained the desired red colour. Then the bark 
pieces are taken out and replaced by the libre 
or textiles. This mixture is heated again and 
when the fibre or textile has obtained the right 
colour it is taken out and dried. If necessary 
the same operation is repeated a second time. 

Oenetio :resoi«ree« and breeding Labmr- 
donnaisia niarlaffasrarii'iisi.'; is probably un- 
common because only one herbarium collection 
is known. It deserves protection and geim- 
plasm oonservat mn. 

Prospects Lahuii idunnaisia inafhigascaricnsi^ 
IS veiy poorly Icnown. Only further research can 
enlighten its value as a dye and tannin source 
in Mndnnascnr and indicate whether stands of 
some importance still exist. 

Major references Aubreville, 1974; Decary, 
1916: Schatz, 2001. 

Other references .\ubre\nlle 1971: ,\ubiY'ville. 
1972; Friedinann, lU8i; tJurib-Fakiin & Brendler, 
2003. 

Autliors P.C.M. Jansen 



Lagunculariaracemosa (L.) C.F.Gaertn. 

Protologne Suppl. carp. 2(2): 209, pi. 217 

(1807) 
Family Combretaceae 

Vernacidar names White mangrove (En). 

PidetuviiT lilanc. paletuvier gris, mangle blanc; 
mangle gris ( I'r) Mangue branco (Po). 

Origin and geographic distribution Lagan- 
cularia racemoaa is found in mangrove vegeta- 
tions along the .\tlantic Ocean in .\frica and 
along the coasts of the Atlantic as well as Pa- 
cific Ocean in Central and South America. In 
Africa it is found from Senegal to Angola 

Uses The bark and leaves of Laffinculuria 
meemoaa produce a tannin and a brown dye of 
good qualit}', but not in quantities that are 
economically interesting. The bark is used to 
treat fishing nets for longer preservation. In 
experiments with bark bom Caribbean sam- 
ples, the bark was found to contain 12-24% 
tcmnin and the leather prepared from it was of 
excellent quality. Though the leaves contain 
10-20% tannin they are In-owsed by camels. 
The flowers are said to be iiset'ul m honey pro- 
duction and in Guinea Bissau the fruits are 
eaten. The wood is heavy, hard, strong and 
clo.se-grained; it is mainly used as firewood, 
rarely for construction and wooden utensils. A 
bark infusion is used as an astringent, tonic 
and folk remedy for dysenterj^ aphthae, fever 
and scun'T,'. It is also attributed some antitu- 
mour activity. 

PropertieB Neither the tannin, nor the dye 
appear to have l)een investigat* i! :ini] c luirac- 
terized. Untreated poles of Lagunculaiia ra- 
cemoaa in contact with the ground served for 
only 2-3 years. If treated with preservatives 
the sen ice tmie is 10 years or more. Oum exu- 
date from the bark contains sugars (galactose, 
arabinose and rhamnose), galactunmic add, 
gUicnronic acid and its l-O-methyl ether. Thi' 
gum is similar to that of many Combrelum 
species, giving acidic sohitions, with low nitro- 
gen ((intent and high rhamnose content after 
acidii' h>(irolysis The gum has lieen used in 
combination with agar as a cheap substrate for 
in vitro fungi cultures. 

Botany Shrub up to W m tall or occasionally 
tree up to 25 m tall with bole up to 70 cm in 
diameter, irregularly brandied, sometimes 
with pneumatophores, with rough, fissured, 
grey bark exuding a gum whoi wounded. 
Leaves decussately opposite, simple and entire, 
somewhat fleshy, glabrous; stipules absent; 
petiole 1—2 cm long, slightly grooved above, 
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bearing 2 circular glands near the apex; blade 
elliptical to obovate 5-10 cm x 3-6 cm. base 
truncate, apex rounded to sH^'htly <'m;at,'iniite. 
usiKslly with small yiunduhir duls Ih'Idw . Inflo- 
rescence a spike aggregated mto a loose termi- 
nal panicle. Flowers unisexual or bisexual, 
regular. 5-merouB. mm in diameter; recep- 
tacle cup-shaped with small acute calyx lobes, 
haiiy; petals free, circular, c. 1 mm in diame- 
ter, whitish green, early falling, hairy outside; 
stamens 1(1; disk conspicuous: ovarj' inferior, 1- 
celled, style simple, 1-2 mm long. Fruit a 
ribbed, 1-seeded nut c. 2 cm long, hairy, with 
the persistent remains of the calyx nt apex. 
Seed \Mth spongy seed coat. Seedling with 
epigeal germination. 

Loffuicularia raeemosa is the unlx species of 
the genus and can be recognized li\ its oppo- 
site, bluntly obovate, somewhat fleshy leaves 
with a pair of conspicuous glands on the petiole 

just below the Idnde. It is inuch brnm In d Vnit 
many branches are aborted resuhmg m nu- 
merous dead or dying brandies. It is predomi- 
nantly dioecious, but bisexual mdividuals are 
also found Flowerini,' starts when i>lants .sre 
about 2 years old and occurs all year round; 
pollination is insects. Fruiting is abundant 
nnd usually a carpet of seedlings is produced 
but most seedlings die in the tlrst year. The 
fruits are dispersed by water. Most glands on 
the leaf blade Amotion as salt glands and the 
salt solution may crystalli'/e so rapidly that 
crystals are extruded in chams from the mouth 
of the gland. 

Ecology Lagiiiicuhiria rnecinnsa is typir;dly 
restricted to the landward fringe of mangrove 
vegetations, and it is also a pioneer on dis- 
turbed sites where it can form pure stands. For 

pood '4r"\\ lb it needs full lipbt. 

Management Luguiuulaiia ineemosa can 
be propagated by seed and rooted cuttings. 

\'rpetntive propagation is important in nTon s- 
tation programmes in mangrove-suitable areas. 
The most in4>ortant factor for survival of cut- 
tings is rooting of the shoots prior to cuttmg 
from the parent trees Under natural condi- 
tions rooting occurs often after floodmg. liooled 

cuttings can even be planted in salt water and 

they start flowerin p w i t h i n i \ n 

Genetic resources and breeding Lagiin- 
eukuia raeemosa is widespread and does not 
seem to be in dai^r ti genetic erosion. How- 
ever, in many areas mangrove vegetations of 
whicli Lagiincukiria mceiuosa is an element, 
are under pressure caused by human activities. 

Proapeota Lagimeularia racemoaa will re- 



main of minor importance as source of tannin. 
Its use as a fuel plant is possibly of more eco- 
nomic importance. 

Major references Burliill. 1985; Irvine, 1961; 
Jimenez, 1985; Tomlinson, 1986. 

Otlm refiHrenees Academie de la Martiniquei, 
undated: De Pinto et al.. 1993: Elster & Per- 
domo, 1999; Jongkind, 1999; Liben, 1983. 

Antbors P.C.M. Janaen 



Lannea baktkui (Oliv.) Engl. 

Protologue Xat, Pflanzenfam., U-IV Nadi- 
tr. 1: 213 (1897). 
Family AnacardiaGeee 
Synonyma Lcamea heratingU EngL ft K J&nniae 

(191 11, 

Origin and geographic distribution Lannea 
barteri occurs from Guinea east to Ethiopia 
and Uganda and south to DR Coi^o and Bu- 
rundi. 

Uaes The baik of Lannea barteri yields a dye 
whidi is used in Cote d'lvoire, Mali, Burkina 

Faso and Ghana. Its red-orange-brown colour 
IS associated with blood and war as well as 
mourning. In Ghana the dye, known in Akan 
as kuntunkuni' or 'kobewu' seixes to give the 
symbolic dark red to red-brown colour of 'ad- 
inkra' ^thes worn at the funerals of cliie£B 
and aflOTwards by their mourning relatives. 
The name adinkra may be derived from 'nkra- 
die or dinlvra which means good-bye'. It is 
also the name of the tedmique by whidi these 
red mourning clothes and other tyjies of fabrics 
are decorated with hand-stamped black de- 
signs. 

The resinous fruit pulp is eaten occaaioDally, 

the fibrous bark is used to make ropes and the 
flowers attract bees and may be useful for 
hon^ production. Hie wood is used in Uganda 
for firewood and charcoal, and to make small 
utensils (e.g. mortars), and the plant is .some- 
times cultivated as a live fence as it coppices 
easily. Hie baric is used externally to treat ul- 
oers, sores and leprosy A decoction is drunk 
against gastric pains, diarrhoea, oedema, pa- 
ralysis, epilepsy and madness. In Nigeria 
(Iglio) and the (^entral African Republic a bark 
decoction is drunk as a stomachic and is part of 
a vermifuge medicine. The macerated root is 
used in a poultice for t!v In itment of wounds. 
In Piiirkinn Faso a I'oot di coction is taken to 
cure hernia and a leaf decoction to cure haem- 
orriuHds. 

Properties The baric of Latmea barteri has 
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not been investiRatcd conceming dye and tan- 
nin components, but the popular use of several 
Lannea species in many African cnuntnes ub- 
viously deserves systematic research. The bark 
also contains a gummy secretion which be- 
comes white and friable in ctmtact with air. 
The wood is soft dirty white, coarse-grained 
and without much value. 

Botany Dioecious tree up to 18 m tall; bole 
usually straii;ht up to 10 cm in diameter, bark 
thick, spirally ^^roovcd ratln-r siiKJOih, prey. 
Leaves alternate, pinnately compound with (1- 
)2-6 pairs of opposite leaflets and a terminal 
one: rachis 10-25 cm long: leaflets shortly 
stalked, but terminal leaflet with long stalk, 
ovate to elliptical, 7—17 cm x 4—11 cm, obtuse 
to slightly cordate at base, apex mucronat«, 
margin entire, yellou -lirow n \el\et\' pubescent, 
with 11—15 pairs of secondary veins. Inflores- 
cence a terminal spike-like raceme up to 26 cm 

lonii arrnnijed in apical chistcrs and prrnhiccd 
before leaves. Flowers unisexual ivgular. 1- 
merous; pedicel up to 3 mm long: calyx cup- 
shaped with lobes c. 1 mm long, ciliate: petals 
oblong. 2-3.5 mm x 1.5 mm. yellowish, with 
darker veins; male flowers with 8 stamens; 
female flowers with superior, 4-celled ovaiy, 

slyk-s I stigmas headlike often with 8 staml- 
nodes. Fruit a compressed c\lindrical drupe 
10-13 mm X 7-8 mm, glabrous purplish-red. 
Lannea comprises about 40 species, most of 
them restricted to .Africa. In (Iiiinea. Cote 
divoire and Benm Lannea egregia Engl. & 
K.Krause has the same vernacular names as 
Lannea harteri and is i-ertainly used similarly, 
mduding for dyeing purposes. Lannea egregia 
ia found from Guinea to Nigeria in savanna 
vegetation. It is a tree u|> to 1.5 m tall, with 
spirally grooved grey bark, and pinnately com- 
pound leaves with 3-5 pairs of leaflets plus a 
t^minal one. For other Lannea species of 
which the bark i.s also used as a source of red- 
brown dj'e in Africa, see Lannea microcarpa 
Elngl. ft K.Krause. 

Lannea barteri tn . fln^s * r when they are leaf- 
less, in Ghana between December and April. 

Ecology Lannea barleri occurs m wooded 
savanna and forest edges, and near rivers, 
usually at ,500-1 GOO m altitude 

Management Seed or cuttings can be used 
for propagation. The seeds can be collected 
from fallen fruits, dried and sown within 2 
months. Cuttings strike easily, even when 
taken from large branches. 
For dyeing cotton doth, the bark of Lannea 
harieri is pounded or cut up into small pieces 



and boiled in water for a long time. The cooled 
decoction is filtered and the fabric to be dyed is 
kept in the dye bath for at least 24 hours. Ked, 
red-liro\vn or orange-red colours are olitanied 
without mordanting. In Ghana, to decorate 
'adinkra' cloth, several pieces of djred doth are 
sewn together with ornate embroiden,'. Then 
stamps carved from calabashes are dipped into 
the thick black ink obtained by the prolonged 
decoction of the bark of the badie' tree {Bruie- 
lia ferruginea Benlh.) with lumps of iron slag. 
This ink is called admkra aduru (adinkra 
medicine'). Different stamps carved with many 
differmt designs are applied onto the cloth. 
Juxtaposed m rectangular blocks across the 
whole surface of the piece. 

Genetic resources and breeding Lannea 
barleri is rather widespread and although it is 
nowhere very common, it does not seem to be 
in danger of genetic erosion. 

Prospects Lannea barleri is an important 
source of red-brown dj'e used in traditional 
dyeing in Africa. With a growing interest in 
and demand for African textile art it is ex- 
pected that the economic importance Lanmn 
barleri will increase. Its dye and tannin con- 
t^ts, medicinal properties and possibilities for 
cultivation need further research. 

Major references Arbonnier, 2004; Burkill, 
1985; Cardon, 2003; Katende, Bimie & Teng- 
nas, 1;M)5; Polnkoff, 1$)«0: van der Veken. 19(50. 

Other references ;\l<e Assi et al. 11)8."); < leer- 
Img, 1982; Gilbert, 1989; Irvine, 1961; Keay, 
1958; Kerharo & Bouquet, 1950; Kokwaro & 
<lillett. 1980; Kdcwaro, 1986; Neuwinger, 2000; 
Taita, 2000. 

Authors P.C.M. Jansai 



La.NNKA MICKOCAKl'A Kngl. & K.Krause 

Protologue P,ot Jahrb gyat. 46: 324(1911). 

Family Anacardiaceae 

Vernaciilar names African grape (En). Vrai 
raisinier (Fr). 

Origin and geographic distribution Lannea 
niicrocarpu is indigenous from Senegal to 
Cameroon. 

Uses In West Africa the liark of Lannea mi- 
crocarpa is employed to dye cotton textiles a 
red-brown colour. It is one of the main plants 
used in the production of the cloths called basi- 
lan fini (medicine applied on cloth), widely 
associated with the notion of healmg, smce the 
decoction of the plant is both medicinal and dyes 
the colour of blood. Garments made with plain 
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Laauiea microcarpa - wild 

ochre-red doth or with black designs on an odire- 

\T(\ eiTJiintl obfainod with this dyo nro niDslly 
worn by men, originally in blood-shedding cir- 
cumstances sudi as hunting and war. The red 
dye has inott rtive symbolic power, hides blood- 
stiiins ;md is bt-ht-Vftl tn hcd the wounds It is 
also used by bulh sexes iur nlual clothes worn at 
crucial stages of life sudt as circumcision and 
excision, doliven,' .'ind dciih In \f.-i]i nnmbnra 
women use Laiiiiea microcarpa tu decorate 
textiles called 'surusuru' and "basiya*. These 
textiles belong to the bognl.in i;i'oup. Women's 
wrappers dyed with Laiiiii'n hnrk are worn at 
the occasions of excision, dehveiy, menopause 
and lastly as a shroud. In Ghana am<mg the 
Akan and the Ashnnti pcnplo the d\i> fnun the 
bark is traditionally used for muuramg clothes 
althouf^ red synthetic dyestuffs may now be 
used instead. 

The young leaves are eaten as a vegetable and 
cattle browse leaves as a forage. The fruits are 
eaten raw or dried and a fermented drink is 

[in ]! tied from the pulp- The wood is white 
light, easy to work but deteriorates quickly; it 
is used in Senegal to make hoe handles and 
throu^out West Africa as fbel and to make 
ohfircoal. Ropes are made from the \^ery fibrous 
bark. The bark yields an edible gum which is 
soluble in water. In Benin dried pulverized 
aerial parts are rubbed into scarifieations 
against pain between the ribs and are taken 
internally against colic. A leaf decocti<m is 
drunk to treat swellings; it is also added to a 
bath. In < 5hana leaves are u.srd as n dressing 
for wounds. In Senegal wood ash is applied to 
maturate abscesses. In Nigeria leaves, bark, 
roots and fruits are applied to treat mouth blis- 



ters, rheumatism, sore throat, dysentery, as a 
cathartic and as a dressing on boils. 

Properties Tannins (deriving from gallic add) 
are presi-nt in the bark and react with the iron- 
rich mud used in the bogolan process to give the 
characteristic black ground or designs of 'basijra' 
and surusuru" textiles. 

The fruits contain anthocyanins, about 1300 mg 
per 100 g dry pulp. The main anthocyanin gly- 
cosides jiresent are two different galaclopymno- 
sides of (yanidin: lyanidin ■'>-< )-('2-< )-P-D-xylopyrn- 
nosyl)-p-D-galactop>Tanoside (U. 15%) and c}'anidin 
3-0-^D-galactopyrano8kle (0.45H). 
The iintuliarrhoeic efifect of the bark has been 
confirmed by tests. 

Description Dio€»ciou8 tree up to 16 m tall; 
bole up to 7ii ( in in diameter, rather short; 
bark grey, .slight ly sweet-scented smooth or 
with small scales when older, often with a spi- 
ral twist, very fibrous, slash reddish with fine 
white markings. Leaves alteniate imparipin- 
nate, up to 25 cm long with 2-3(-5) pairs of 
leaflets; stipules absent; leaflets ovate, 5-13 cm 
X 2.6-6 cm, base attenuate to rounded, apex 
more or less pointed, margin entire but often 
slightly undulate, upper surface with glandular 
resin dots, particularly in young leaves^ pin- 




Lannea microcarpa - I, leaf; 2, pari of branch 

with youiig leaves and fruits. 

Redrawti eaid adapted by lakak Syammidia 
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nately veined. Inflorescence a termirial raceme 
up to 15 cm long (male ones longest), bearing 
glandular dots. Flowers unisexual, regular, 4- 
merous r \ mm in ilijuiu-ter green-yfllow; 
male ones with 8 stamens; female ones with 
superior 4-oelled ovary bearing 4 styles. Fruit 
an ellipsoid, glabrous dnipe <■. l .'i < ni lon^' on 
top bearing up to 4 small teeth, purplish-black 
when mature, I'Seeded. 

Other botanical infbtmation fMUtiea com- 
prises nbout 10 sporios, most of thfm rosfrirtoH 
to Africa, and the bark of many of them is or 
has been used as a source of a red-brown dye. 
Although most spccios vtm oasily be distin- 
guished botanicaliy, in several areas different 
species bear similar vernacular names. There- 
fore, the exact identity of the species used in a 
particular dyeing process is not always certain, 
except from field observations complemented 
by botanical identification of the collected 4ye 
matrrinl It is also possible that bark mixtures 
are used sometimes. 

lAmnea acida A.Rich. is used for dyeing in the 
same way as Latinea mieroetapa in Mali where 

it bears the same vernacular name npeku' in 
the Bamanan language. In Cote dlvoire a i^d 
dye is made from a bark decoction with the 

addition of wood ash. Tt turns yellow if acids 
are added to the bath. In this process a mor- 
dant has to be used. However, Lannea aeida is 
more important medicinally. 
The bark of Lannm srhrrrinfiirthii (Engl.) 
Engl, is used by the Tsonga people of 
Gazankulu of north-eastern South Africa to 
<I\i' basket material a purplisb-Virown colour, 
but this species is more important for its edible 
fruits. 

The bark of Lannea welu ilschii (Hiern) Engl, is 
used in the same way as that nf f.ainten an'fia 
in Cote dlvoire and Ghana to dye wrappers 
reddish brown. 

Growth and development Leaves fall off 
at the begmnmg of the di;>' season; flowering is 
at the end of the diy season, before the appear- 
ance i)f the new leaves. 

Ecology Lannoa microcarpa ecfurs in sa- 
vanna vegetation. It prefers deep triable soil 
and is often found on cultivated land, where rt 
is not cut down but preserved for its edible 
fruits, it also occurs on rocky soil in Sahel sa- 
vanna. 

Propagation and planting Lannea species 

am not cultivated for dyeing purposes. They 
can be propagated by seed. Ambient tempera- 
tures of 26-30"C much reduce the longevity of 
the seeds. At a moisture content of about 6% 



the seeds keep their viability longer when kept 
at lower temperatures, and long storage is pos- 
sible m a freezer at — 18'C. 

Handling after harvest The bark is j jounded 
and boiled for 2-3 hours m water. Towards the 
end of this period a small ladleful of wood ash 
is added as mordant, resulting in a darker col- 
oured liquid that is kept boiling strongly for 
about half an hour, .^fter it has cooled down, 
the decoction is filtered and is then ready for 
use as a dye bath. To obtain a faster colour, 
bogolan djers associate this dye with a decoc- 
tion of the bark of Aiiogeisms leiocarpa (DC.) 
<iuill. & Perr. The cotton cloth is plunged once 
into the Laimea dye-bath, then 3 times in the 
Anogeiaaua bath and finally once again in the 
Lannea bath. Between each dyeing, the cloth is 
dried in the sun. Subsequently the cloth is 
dyed using iron-rich mud of the bogolan tech- 
nique. The dye is not very fast, except in the 
blads parts of the desi^^n 

Genoiic nsources Lwuiea nticixx:arpa is wide- 
epxead and is not in danger of genetic erosion. 
In the northern parts of Buridna Faso it is con- 
s 1 < I e re d vulnerable. 

Prospects The use of Lannea bark for red 
dyeing is still important and widespread in 

West .\frira. .\s the dye is becominp more and 
more popular in the modern forms of the bogo- 
lan textile production, cultivation of the main 
lot al spt ri< s Lajinea microcarpa and Lannea 
acida. is to he recommended, especially since 
they also produce edible young leaves and 
firuits, and are used medicinally, particulariy to 
cure skin affecti<ins 

Major references Arbonmer, 2U04; Aubreville, 
1960; Burkill, 1986; BuridU, 2000; Cardon, 2003; 
Duponchel, 2004; Irvine, 1961; Kufaaro & Adam, 
1971; Micge i;«)2. 

Other references xAdjanohoun et al., 1989; 
Bensal, 1994a; Bensal, 1994b; Buckingham et 

nl. IW 1-1095; Coquet. 2001; Diallo et al 2001; 
Duponchel, 1997; Galvez et al., 1990; Keaj', 1958; 
Kerharo & Bouquet, 1950; Kokwaro, 1986; 

Liengme, 1981: \Iutel>;i Luntumbue, 1998: Xacro 
& MiUotjo-Rasolochnihi. lii'i;?: Xeuwinger 2000; 
I'ale, Nacix) & Kouda-Bonafas, 1998; Zahan, 
1961. 

Sources of illustration .Nuhreville, 19.50, 
Authors M. Marquet & P. CM. Jansen 
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Lannea velutlna A.Rich. 

Protologne Guill., Fl. Seneg. tent. 1<4): 154 

(1831V !(."); t 12 (1832). 

Family Anacardiaceae 

Venmeular names Raisinier velu, Lannea 
veloute (Fr). Bembo (Po) 

Origiu and geogmphic distributiou Lannea 
vehitvia is found from Senegra) to Chad and 

Cenlriil Afncnn Republic- 

Uses The hnrls of I.auuea rplitliiia yields n 
popular red-brown dye. It is one of the mam 
plants used in the producti<m of the cloths 
called 'basiltinfini'. widely associated with the 
notion of healing, since the decoction of the 
plant is both medicinal and dyes the colour of 
blood. The wood, ah hough whitish and sof'i l^ 
consiilered suit;il>lf' for making [)l:ink.s. .small 
stools and other utensils, and as it is llexible, it 
is also used for bows. It is a preferred source of 
firewood in Burkinn F.-iso In Chnd tho wood is 
popular for making beehives since it is easy to 
hollow out. In Senegal macerated baik and 
roots are used medicinally to prepare a bath for 
rachitic children and adults with muscle pains. 
A decoction of the powdered root is used 
against diarrhoea. In Cdte d'lvoire the bark is 

usinl to I rent dianfaoon, oodrm;i. [mrnlysis 
epilepsy and insanity. In Ghana the bark is 
applied externally to wounds, ulcers and lep- 
rosy, and a decoction is taken against gastric 
p;iins. In Fiurkinn Fnso a decoction of the bark 
and leaves is used as a tonic, both as a drinl( 
and bath, because it is thought to control arte- 
rial tension, In Scncsjrd the foliage is browsed 
by cattle and the fruit is said to be edible. Fibre 
isolated from the bark is used in Senegal to 
make ropes to tether goats and sheep. Sap of 
the hnrk is sniH to provide a pood vami.sh. 

Properties I'unnins are present in the bark, 
together with reddidi brown dyes that have not 
hvcn chnractorizod j'ct. Lnrniea rrfiifi'tia 
showed positive results in a test in Mali for 
antifungal, insecticidal (on larvae of mosqui- 
toes), molluscicidal, antioxidant and radical 

sea V e 1 1 1: i n a ct i V i t i C S . 

Botany Dioecious tree up to 15 m tall; bole 
up to 46 cm in diameter, bark smooth, gr^. 
Loaves alternate, pinnately compound with 3— .5 
pairs of opposite leaflets and a terminal one; 
stqiules absent; petiole 2-6 cm long; leaflets 
ell^tical. 1-12 cm x 3-7 cm. rounded at apex, 
entire, velvety tonn ntose below, Internl veins 
10-18 pail's. Inflorescence a spike-like raceme 
up to 15 cm long, usually terminal on old 
brandies (rarely aa young shoots), brown4iai]!y. 



Flowers unisexual, regular, c. n mm long, 1- 
merous, greenish yellow; pedicel 2—1 mm long, 
elongating to 7-10 mm in firuit; male flowers 
with 8 stamens and rudimentarj' ovary: female 
flow'ers with superior, l-celled ovary and rudi- 
mentary stamens. Fruit an ovoid to cylindrical 
drupe 8-10 mm x 6-7 mm. with 4 teeth at 
apex, densely softly pubescent, yellow -red. 
Lannea comprises about 40 species, most of 
which are re8tricte<i to .Africa. Ldtiiira icliiliiia 
flowers af the end of tbe diy season, before the 
appearance of the leaves. 

Ecology Lamiea vetutina occurs in wooded 
savanna. 

Management The bark is cut into small 
pieces and cooked for a long time. The cooled 

dernc tion is filtered and the cloth to be coloured 
IS kept for 24 hours in the filtrate. The cloth 
colours red, red-brown or orange-red without 
any mordant. 

Genetic resources and breeding Lannea 
veUitina is rather widespread and does not 
seem to be in danger of genetic erosion. 

Prospects Lannea l elutma is an important 
source of red dye used in traditional dyeini; in 
Al'rica. Interest m textiles coloured with natu- 
ral dyes is growing and it is expected that the 
importance of Laniirn ichiiliia will increase. 
Its medicinal properties and possibilities for 
cultivation need further research. 

Major references .\rbonnier, 2004; Berhaut, 
1071: Burkill KtS.": Rurkill, 2000; Cardon. 2003. 

Other references DiuUo et al., 2001; Geer- 
ling, 1982; Irvine, 1961; Keay, 1958; Talta, 2000. 

Authors P.C.M. Jansen 



Lawbonia INERMIS L. 

Protologue Sp. pi. 1: 349 (1753). 

Family Lythraceae 

Chromosome number 2;/ = 30 

Synonyms Lawaonia alba Lam. (1789). 

Vernacular names Henna, Egyptian privet 
(En) Menne (Fr). Hena, hesia (Po). Mhina, mu- 
hina. (Sw) 

Origiu and geographic distribution The 
origin of Leavsmiia inermia is unknown. Lin- 
guist ic evidence supports an origin in the area 
of Baluchistan (Iran/Pakistan) to western In- 
dia, where it can still be found growing in the 
wild. From there it would have spread east- 
ward to the rest of India and Indonesia, and 
westward to the Middle East where it became 
one of the important plants of Islam. It was, 
however, alreacfy mentioned in the Bible for its 
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Law3onia inennia - planted cuid naturalized 

perfume (Icophei') and in Ancient Egypt 

('kwpr'). Tt Intoi- followid Islnmir nrmios nnd 
traders &om .Arabia reaching as far as Spain, 
northern Africa, Madagascar, the Mohiccas, 
In do-China and Japan. ll is irnvs tJistributed 
throut;hout the tropics ;iiid subiio|nrs. Henna 
IS mostly grown in home gardens and commer- 
cial production is limited to a few places in 

Tndifi, Pnkislan, Iran Efjypt Libya. Niijer and 
Sudan. In Africa it has often become natural- 
ized, particularly on alluvial soils along rivers. 
In Madagascar it has become so common along 
some rivers that there is no need for cultiva- 
tion. 

Usea Henna is one of the oldest cosmetics in 

tlic \\<iild and its leaves are used to colour the 
fingernails, to paint or decorate the palms of 
the hands and the soles of the feet, and to dye 

the hair. Written records of the use of henna 
date Iiack more than 2nf)() years. Ilenna is of 
great importance in Islam, where it is used m 
many ceremonies, especially marriage. This 

latter use has beiMi adopted also in Hinduism 
and l^uddhism. The use of henna to dye the 
palms of the hands and the soles of the feet of 
married women has spread through most of the 
Muslim world and India. As part of the prepa- 
rations lor the marriage ceremony, the hands 
and feet of the bride are often very elaborately 
decorated, in the belief that henna purifies and 
protects; designs differ per region and culture, 
indicating for example good health, fOTtility, 
wisdom and q>iritual enlightenment. In parts 
of Mrirn large, black, geometric designs are 
preferred. Henna is used universally as a basis 
for hair (fyes. A wide range of shades from 
shining, reddiah-blond to diestnut brown and 



intense, deep black can be obtained by the use 
of admixtures or by combining the treatment 
with other ones Indigo is commonly added to 
olitjun a black lolour. This use of henna is not 
restricted to women. In Iran and Afghanistan 
men often use it to colour their greying hair 
and beards. It is even used to dye the manes 
and tails of horses of dignitaries fer grand pa> 
rades. Throughout South-East Asia and 
Indo<<7hina up to Japan henna is mainly us«>d 
by women as a dye for the fingcmails, but in 
other areas this is only a secondar^"^ use. 
To prepare the dye for skin, nails or hair, fresh 
or drii'd leaves or henna powder are rubbed 
with water to which some lemon juice and Ume 
are added to obtain a paste. Depending on the 
use, the colour required and the locality, sub- 
stances such as gambier, pow der of areca nut. 
indigo or alum may be added. The paste is 
careftilly applied to the skin or nails, or rubbed 

into the hair and left for (i-lli hours covered 
with a damp cloth or sometimes a betel leaf. 
The colour is fast and cannot be removed by 
washing; it has to wear off. Henna was widely 
used to dye silk, wool and less commonly cot- 
ton, without mordantmg or after a mordant 
bath, by putting the textiles in a hot bath of 

henna to which some lemon juice was added. 
Various orange and red colours could be ob- 
tained by adding other ingredients. This dye 
was often used as a ground, and then i op-dyed 
with indigo to obtain a deep, fast black. Mo- 
rocco leather is still dyed with henna. 
The use of a perftune made firom the flowers of 
henna is largely restricted to Egypt, northern 
India and Java The perfume is greenish m 
colour and is in epared by macerating the flow- 
ers in oil (preferably oil of Moriiiga peregrina 
(Forssk ) Fiori ('ben ), wbich iloes not easily 
become rancid). Henna is w idely grown in gar- 
dens as an ornamental or hedge plant, appred- 
nted for the strong pleasant fragranct^ of its 
flowers, which is reminiscent of tea rose (Rosa 
ehinmsia Jacq.). The wood of henna is fine 
grained and hard and has been used to make 
tent pegs and tool handles in India l)ut is also 
used as firewood. The fibres of branches and 
stem barfc are used in Kensra to make baskets, 
small twigs as toothbrushes in Indonesia. 
In traditional medicine henna is used as a 
panacea against almost any disease. Only the 
medicinal uses that have bean confirmed in 
clinical tests are mentioned here. Extracts of 
the leaves have an astringent effect on the 
skin, making it somewhat hydrophobic. This 
effect, combined with a slight bactericidal and 
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fiingiddal action, makes it n useful medicine 
for external use against many skin and nail 
complaints. Dj'eing hair with henna effectively 
kills lice III Ar«bic and Indian moilicine, 
preparations from the leaves, sometimes in- 
cluding otiier parts of the plant (root), are ef- 
fectively used to promote childbirth, as an 
abortifadent and as an emmenagogue. A decoc- 
tion of the leaves and roots is effective against 
certain forms of diarrhoea. In Ofttfttflvoirc and 
northern Nigeria the leaves are used in the 
treatment of tiypanosomiasis. 

Production and international trade Be- 
cause large quantities of henna are produced at 
home or for the local market, and because 
henna is mostfy dasaified under categories 
that include several other products, it is impos- 
sible to olitain Hfcurate estimates of produc- 
tion. Annual exports of powdered and dried 
leaves from India, Egypt and Sudan amounted 

to 60(1(1 8000 t in the period 1975-1080. Total 
annual exports must be over 10,000 t and Du- 
bai and Singapore are important entrepots. 
The annual export from Sudan alone is esti- 
mated at 1000 t. World prices in 1992 fluctu- 
ated between 260—700 US$/t, dependmg 
strongly on quality and total supply. Demand 

for henna rose rapidly between 19(50 and 1980 
but has since levelled off. The main importers 
are the Arab countries (Saudi Arabia about 

3000 t/yoar). France (2oO t/^jrear), Britain (100 
t/j"ear) anfl the I'nited States (sevei-al humh-i-d 
t/year). Traditionally Niger lias an export link 
with Algeria. 

In international trade. 3 henna ijrades are dis- 
tinguished: green, black and neutral, but their 
composition is not always clear. Green henna is 
made from the young leaves, imiinrting a deep 
red enlour. Black henna can be henna with n 
higher lawsone content in the leaves (it is the 
most expensive gnkle), but it can also be henna 

mixed with Iiir)ic;nfrra leaves or the rhemirnl 
compound paraphenylenediamine (i4'D) to d^'e 
hair black. Neutral henna can be the lowest 
grade henna, but sometimes it is also used to 

indicate any natural hair colouring agent e g 
leaves of tieiinu italua Mill, w ithout any henna 

leaf. 

Properties The dyeing agent in henna is 
lawsone or 2-hydrox}--l,4-naphthoquinono 
(naphthalenedione), which is present in dry 
le;ives at a ceucent rat lou of 0.5— 2%. It attaches 
itself sirungly to proteins and ns a result the 
dj'e is very fast. Other components in henna 
such as flavonoids (luteoline, acacetine) and 
gallic acid contribute as organic mordants to 



the colouring process; carbohydrates (vegetable 
gelatine, mucilage) give the henna paste a 
suitable consistency to attach to hair and pos- 
sibly they also play a role in the penetration of 
lawsone into the hair and other tissues. The 
stem contains variable amounts of tannins. On 
steam distillation, the flowers yield 0.01-0.02% 
essential oil (henna oil), mainly consisting of Of 
and p-ionones, which can be used as a basis for 
perfumes. The seeds contain about 10% of a 
non-diying viscous oil, composed mainly of 
oleic, Imoleic and stearic acids. This oil is not of 
commercial importance, but is used, for exam- 
ple in I'ganda, for anointing the borly 
Henna showed auti-milammator;>', analgesic 
and antipyretic effects, but it may cause side- 
effects such as haemolytic anaemia in cases of 
glucose-G-|)hosph ate dehydrogenase enzyme 
deficiency. Tests with rats suggested hepatu- 
protective and anti-oxidant activities of bark 

extracts. Henna extracts also showed mollus- 
cicidal and trypanocidal activities. A leaf ex- 
tract showed antitumour and tuberculostatic 
effects in tests with mice. It exhibited a broad 
fungitoxic spectrum when tested against vari- 
ous ringworm fungi, which was attributed to 
lawsone. In India henna preparations showed 

ant i Terl i!ii y y 

Adulterations and substitutes Adultera- 
tion of dried, entire henna leaves is almost 
imp08siV)lr because it is easy detectable. Com- 
mercially low quality henna leaves often con- 
tain a high percentage of rubbish in the form of 
parts of branches, fruits and other plants. Most 
adulteration ocx"urs in powdered henna and 
mcludes powdered leaves of other species, 
sand, powdered shells and colorants, and mi- 
croscopic analysis is needed, looking for details 
which cannot he present in tnie henna. (Color- 
ants are used to falsify the henna quality. Of- 
ten used colorants are diamond green and au- 
ramine yellow, although both colorants are 
forbidden in foods and medicines. 
Sometimes the term henna is used to indicate 
an}' hair colouring ag^t, often without any 
link with true henna. Numerous natural and 
chemical products are used in combination 
with henna, e.g. to modify the hair colour (wal- 
nut husk logwood turmeric, indigo, lucerne, 
tea, mordants, tamiins, synthetic colorants), to 
improve the colouring (walnut husk, diamo- 
mile, lucerne, imion skin, sage, senna), as per- 
fume (flower Inids of Myrttis comnumis L.. 
cloves, rose water) or to improve the penetra- 
tion of the colorant (e.g. lemon juice, sour milk 
or beer yeast). Parapheiqrlenediamine in 'black 
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henna' may cause serious irritation and burn- 
ing of the skin. 
Deaeription Mucb-branched, glabrous shrub 

or sinnll tree up to (i(-12) m tall w ith gri'v- 
ish-bix)\vn bark and quadrangular young brandies, 
older plants sometimes with spine-tipped 
branchlets up to 3. 5 cm loii^, Leaves (decus- 
sately opposite, simple and entire, almost ses- 
dle; stipules minute; blade elliptical to oblong 
or broadly lanceolate, 1-8..' < m x 0.5-4 cm, 

runonto nt base, acute to rounded at npox, pin- 
nately veined. Inflorescence a large, pyramidal, 
terminal panicle up to 25 cm long, many- 
flowered. Flowers bisexual regular. 4-mernus 
sweet-scented; pedicel 2-4 mm long; calyx with 
up to 2 mm long tube and spreading, ovate 
lobes 2-3 mm long: petals orbicular to obovate, 
1 ."i-l mm X 4-.5 mm. usually whitish some- 
limes reddish; stamens 8, inserted m pairs on 
the rim of the calyx tube, filaments 4-6 mm 

long; ovnrj" superior 1 -celled slylo (M'ert. up to 
5 mm long, stigma head-shaped. Fruit a glo- 
bose capsule 4-8 mm in diameter ]nirplish- 
green, indehiseent or opening irregularly, 
many-seeded. Seeds 4-angular, 2-3 mm long, 




Lau soii ia inermis - 1, lower and upper part of 
floicerUig branch; 2, flower; 3, fruit. 
Source: PROSEA 



with thick seedooat. 
Other botanical mformation Lawsonio 

comprises only 1 species. Henna cultiviir.s can 
be white- and red-ilowered. large-leaved and 
small-leaved. It is often stated that small- 
leaved henna is of better quality and more ef- 
fective than larger-leaved. Small-leaved culti- 
vars include TUalia' and Touatia in Morocco 
and 'Gabsia' in Libya and Tunisia. 'Trabelsia' is 
a large-leaved culfi\ai- The leaf size is also 
dr-j>endiMit on the availabihty of water. In the 
diy season and m dr>' locations the leaves can 
be 5-6 times smaller than in the rainy season 
or in wet li .c.it ir .us 

Growth and development Henna can 
grow to the size of a large shrub or even small 
tree, but is normally grown like lucerne (Medi- 
cago satiid L.), i.e. as a ^ort-lived perennial 
crop up 7U cm tall. 

Ecology Henna requires high temperatures 
(optimum daily average about 2n°C) for germi- 
nation, growth and development. It is adapted 
to a wide range of ccmditions. It tolerates poor, 
stony and sandy soils, but is also well adapted 
to heavy fertile clay soils. Low air humidity 
and drought are tolerated. Naturalized plants 
are often found in temporarily flooded river 

beds .mfl riverine thickets but alsn on hillsides 
and in rock crevices, up to 135U m altitude. 

Propagation and planting Wlien grown 
commercially, henna is either grown from seed 
and transplanted or propagated by cuttings or 
micropropagated plants, in northern Africa 
land is prepared carefidly by ploug^iing up to 
40 cm deep, and heavily manuring. Fields ,ire 
then levelled and prepared for basm irrigation. 
In India, where production is less intensive, 
land is only ploughed a few times. B(H-ause of 
its hard seedcont, hennn seeds have to be 
pi-e-germmated before sowmg. They are first 
steeped in water for d-7 daya, during whidi 
time the water is changed daily. They are then 
placed m small heaps and kept moist and 
warm for a few daye. Care is taken to drain 
excess water. WTien the seedooat has softened 
and the seed has started tn swell it is ready to 
be sown in a nursery. iJuring ihe first days 
after sowing, the soil should be kept moist and 
daily irrigations are often required. \Mien the 
plants are about 40 cm tall they are lifted, cut 
back to about 15 cm and tranq)lanted. Plant* 
ing densities range widely from 20,000 to 
200,000 ))lanis'ha depending on water avail- 
ability. An amount of 3-5 kg of seed per ha is 
needed. For propagation by cuttings, branches 
with 6-8 buds are used. 
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Management I nder intensive commercial 
production, as in northern Africa, the crop is 
irrigated during the dry season and heavily 
fertilized, In India it is nmwn on m larger seale 
less intensively, often without irrigation and 
rarely fertilized. Fields are hoed once or twice 
per year and weeded when required. Plants 
produce their maximum yields during the first 
4-8 years after planting, but are often left in 
the field for 12-l!r)(- l()) years. Henna removes 
larsje qunnfifies of nutrients from the soil A 
yield of 1000 kg dry leaves removes 180-190 kg 
N, 100-150 kg KsO and 10-30 kg PsOb. 

Diseases and pests Ver\' few pests and 
diseases attack henna. A black root rot caused 
by Cortiemm holeroga and a bacterial leaf-spot 
caused by XatUhomoiuts lawsmiiae have been 
reported fnun western India. 

Harvesting Plants are generally harvested 
2-4 times per year from the second year on- 
wards under intensive cnli ivntion. Harvesting 
starts 1 or 2 years later under extensive man- 
agement. At the first harvest plants are cut at 
about 10-15 cm above the ground, later they 
are cut at ground Ie\'el Harvesting is done 
when the flower buds start to form. 

Yield Few reliable statistics on yields are 
available. Under iriiLrafion, henna may yield 
2500-3UOU kg/ha per year of leaves on dry 
weight basis, readiing 4000 kg/ha under optimal 
conditions. I nder rainfed eondilions in northem 
India yields of 7(10- 1 r>(li) kp.''h.i .-ire obtained. 

Handling after harvest In many regions 
freeh leaves are pidced from the home garden 
when needed and u^nl fre<h. In the Arab world 
and India, leafy branches are harvested, left to 
dry, and the leaves are separated from the 
branches by lieating; the drj' sticks may be left 
around the fi<-Id ns fencing. Diying (to about 
10% water content) should be rapid and pref- 
erably in tiie shade to retain the green colour 

the leaves whirh is an indic.it inn nf goixl i[ii.'d- 
ity. Dried gi"een leaves are preferred for band 
and foot colouring, brownish leaves (dried less 
quiddy) for hair colouring. Because of the better 
dr\ing conditions, leaves har\('sted during the 
hot dry season are of better quality than those 
fivm the rainy season. For export, dried leaves 
are packed into bales of 50 kg (to western 
Euixtpe) or powdered leaves in cartons of 25-50 
kg with 100-600 g sadiets for direct retail sale 
(to Middle East markets). Dried leaves are pre- 
ferred by most traders, as they are less easily 
adulterated. (Quality and purity demands differ 
strongly per country and per intoided use. If 
the odour also plays a role, a mixture of leaves 



and flowers is prcfenvd; if black colounng is 
needed, leaves mixed with indigo are pi-eferred. In 
all cases, h^ma should be stoi-ed diy m t he dark. 

Genetic resoxirces Germplasm collerlions of 
hernia are not known to exist. (Jiennplasm collec- 
tion is recommended to safeguard the wide ge- 
netie variation present in tiadilional cultnarSj 
often associated with the location of production. 

Breeding Breeding should focus on reliable 
cultivars with high yield and quality for vari- 
ous ecological circumstances. 

Prospects The veiy low toxicity of henna 
and its strongly rooted traditions make it one 
of the few natural dyes for which demand is 
still considerable. The ongoing search for in- 
nocuous natural dyes may add to its present 
uses. With more attention given to the selec- 
tion of cultivars with a high lawsone content 
and to the development of better drying and 
processing techniques, it should be possible to 
expand oommerrial henna production to more 
humid areas. Commercial production should be 
possible in most African countries^ but mudi 
attenti<m needs to be paid to quality, packaging 
requirements and trading structures 

Major references Aubaile Sallenave, 1U82; 
Buridll, 1996; Cardon, 2003; Green, 1996; Ko- 
la rkar, Sin^ & Shankarnarayanan, 11)81; 
Lemordant & Forestier, 1983a; Lemordant & 
Forestier, 1983b; Oyen, 1991a; Scarone, 1939; 
Yerdcourt, 1094. 

Other references Peentje, 100 1: Boutique, 
1967; CSIR, 1962; Decary, 1946; Femandes, 
1978b; Gilbert & Thulin, 1993; Gilbert, 2000; 
Gurib-Fakim. Gueho & Cissoondoyjd 1996: 
Keay, 1954b; Kerharo & Adam, 1974; Kokwaro, 
1993; Perrier de la Bathie, 1964; Watt & 
Breyer-Rrandwijk, V.W2: Wolfetal.. liOOIi. 
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Based on PR06EA 3: Dye and tannin-piDdudng 
plants. 

LUDWlGilA LEPTOCARPA (Nutt.) H.Hara 
Protologue Joum. Jap. Bot. 28: 292 (1953). 

Family Onagraeeae 

Chromosome number » = 24 

Synonyms Juasiaea leptocarpa Nutt. (1818), 
Jussiaca pUnsn Kunth (1823), Ju99iaea aemi- 
niidii ll.l'errier (10 17). 

Vernacular names Anglestem primrese wil- 
low, haiiy primroee willow (ESn). Jussie (Fr). Cruz 
de malta (Po). Mniza, mng'iza (Sw). 
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Origin and geographic distribution Ludu i- 
gia leptocarpa oripinntes most probably &om 
the New World, whore il occurs from the 
I'nihnl St;ites nn<\ the West Indies south to 
I'eru and Aigentma. In the Old World it is 
found all over tropical Africa and Madagascar. 

Uses The Iciiv es of Ludu igia leptocarpa are 
collected from the wild and yield a black dye 
used in East Africa (Pemba, Tanzania) to 
blacken mats, baskets and hngs made of jialm 
leaves. In the rVntral African Republic (he 
whole plant is burnt to produce a vegetable 
salt. In traditional medicine in Nigeria an infu- 
sion is part of a mixture to treat rheumatism. 
A leaf infusion has laxative, vermifugal and 
anti-dysenteric properties. In Nigeria its inva- 
sive habit as a colonizer of dried-up stream 
beds ami similar damp locations has been 
found useful in erosion control. 

Properties No research on the components 

responsible for the black coloiirinff properties of 
Ludwigia leptocarpa has been published, but 
the presence of the glyooflavoneB vitexin, iso- 
vitexin, orientin and isoori^tin has bem re- 
ported. 

Botany Erect, robust, hair} , annual herb up 
to 3 m tall, sometimes somewhat woody below, 

much branched often siibmerijed and \hen 
with erect flowering branches and lloatmg 
pneumatophores arising from the roots. Leaves 
altemnte, simple and entire: stipules absent or 
reduced jiotiolc 0-2 cm lonp lilnde lanceolate, 
sometimes elliptical, 3-15 cm >■ 1—1 cm, base 
cuneate, apex acute to acuminate. Flowers 
solitary, bisexual, regular. ( l-).5(-7)-merou8; 
pedicel c. 2 mm long (m fruit up to 2 cm); se- 
pals triangular, up to 10 mm x 3 mm; petals 
obovate, up to 1 1 mm x k mm, yellow: stamens 
usually 10, filaments up to A mm lonp: ovaty 
inferior, l-o-celled, style up to 1.5 mm long, 
stigma head-like, up to 2.5 mm in diameter. 
Fruit a capsule cylindrical in lower part, usu- 
ally 5-angled m upper part, 1.5-5 cm x 2.5-1 
mm, long-haiiy, slowly dehiscent, brown-pui-ple, 
many-seeded. Seeds ovoid r ] mm long, pale 
brown surrounded hy a hi)i st'shoe-shaped piece 
of powdery endocarp which is easily detached 
and with a narrow white raphe. Seedling with 
ep i peal giermin a t i on . 

Formerly a distinction was made between Ju^- 
aiaea (stamens twice as numerous as the se- 
pals) and Ludu igia (stamens aa many as the 
sepals), but now -fussinpa is considered sjt»- 
onymous with Ludu igia, comprising about 75 
spedeB with 8 species endemic in Africa. 
Ecology Ludwigia l^toearpa grows in 



swamps and along rivers, lakes and ponds, 
from sea-level up to 1900 m altitude. In irri- 
gated rice fields it can become a troublesome 

weetl 

Genetic resoiirces and breeding Ludu igia 
l^toearpa is very widespread and not in dan- 
ger of trenetic erosion. In South America its 
population behaviour and genetics are being 
studied. 

Prospects Ludu igia leptocarpa as source of 
a dye is only locally of some importance For a 
better understanding, its dje and medicmal 
properties need further research. 

Major references Bizzarri, 20(X}; Burkill, 
1997; WiUiams, 1949. 

Other referimces Averett, Zardini & Hoch, 
1990; Br^an, 1953: Brenan. 1954: Isa Ipor, 
2001; Ormond et al., 1978; Raven, 1963; Raven, 
1978; Raynal, 1966. 

Authors P.C.M. Jansen 

MORTNDA t.UCIDA Benth. 

Protologuo I look., Niger FL: 406 (1849). 
Family Kubiaceae 

Vemaenlar names Brimstone tree (E!n). Aibre 

Origin and geographic distribution A/omt- 
da bieida occurs from Senegal to Sudan and 

southward to Angola and Zambia. It is some- 
times planted aromid \ illapes e.g. in Benin 

Uses The wood of Morinda bicidxi yields 
yellow to red dsres. In Nigeria and Gabon the 

root bark is usf d to dye textiles into scarlet 
red. On occasions of national grief or the death 
of a cfaie^ the Ashanti people of Ghana dye 
cotton cloths red with the root baric Morinda 




Morinda bieida - wUd 
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Incida. These cloths, called 'kobene , are worn 
as mourning dress by official people and by the 
fomily of the deceased. The root is the most 
important traditional souroe nf y<'ll<i\v dye for 
textiles in the Kasai I'rovmce of UK Congo. It 
can be used without a mordant. The root is also 
added to indigo vats in Cote (i'lvouc to con- 
tribute both to the fermentation and reduction 
process neoessar}' for dyeing with mdigu and to 
get darker blues. In this proc(>Ms it is often 
combined with leafy twifjs of Sahn comoifiisis 
(Bojer) I'lchon (synonym; Saba florida (Benth.) 
Bullock). In the region of Kasongo in north- 
eastern DR Congo young leaves of Morinda 
lucida are combined with leaves of a Phileiiop- 
tern species (a source of indigo) to obtain a pale 
green dye used in basket weaving. The bitter- 
tasting roots are iist-d as llavinuint; for food 
and alcoholic beverages and m Nigeria ihey are 
popular as diewing sticks. The wood is excel- 
lent for makinsi charcoal, but is also used for 
construction, mining props, furniture, canoes, 
poles and fuelwood. The leaves are used for 
cleaning and sr n nij u >f calabashes. In 
West Africa Muiiiidu liiculu is an important 
plant m traditional medicme. Decoctions and 
infusions or plasters of root, bark and leaves 
are recopnizf d n-mcdips against different types 
of fever, mcluding yellow fever, malaria, t ry- 
panosomiasis and feverish condition during 
childbirth. The plant is also employed in cases 
of diabetes hypcft<'nsion cerebral congestion 
dysentery, stomacii-uche, uk'ers, leprosy and 
gonorrhoea. In Nigeria Morinda btcida is one 
<if tlic 1 most used traditional iiicdicines 
against fever. In Cote dlvoire a bark or leaf 
decoction is applied against jaundice and in DR 
Conijo il is combined with a dressing of pow- 
dered root hark against itch and ringworm. 

Productiou and international trade in West 
Africa the roots of Morinda bteida are for sale 
in local shops and markets, both as dyestuff 
and medicine, but statistics on quantities in- 
volved are not available. Leaves and twigs are 
sold in markets as a medicinal tonic for young 
children. 

Properties Fixjm the w ood and bark of Morili' 
da bicida 18 anthraquinones have been isolated, 

includintr the n-d colorants I -mcthylefher-aliza- 
hn, rubiadin and derivatives, lucidm, soranjidiol, 
damnacanthfll, nordamnacanthal, morindin, mun- 
jistiii I |)Lii |>Lii oxanthin. Two anthraquinols. 
oruwal and onnvalol. have also been found: these 
give a yellow colour and possibly are mtermedi- 
ates in the £armati<m of anthraquinones. In addi- 
tion to anthraquinoneS) tanning flavonotda and 



-saponosides have been isolated. 
The wood is yellow (hence the name brimstone 
tree), darkening to yellow -hiown in the sap- 
wood and to dark luowii in tiie hcartwt)od, It is 
medium-weight and hard; it works and finishes 
well, and it is durable, being resistant to fungi, 
termites and other insects. 
Tests with animals confirm the attributed ac- 
tivity of several traditional medicinal applica- 
tions o£ Morinda btcida. Extracts showed anti- 
inflammator\', antifever and pain-reducing 
activity in tests with rats and promoted gastric 
emptjnng and intestinal motility. Leaf extracts 
showed in vitro antimaknial activity against 
Plasmodium falcipaivm while in several other 
tests antidiabetic properties were confirmed. 
Inhibiting: • tfects on cancer tumours in mice 
have also l)een reported. A leaf extract gave 
100% mortality in the freshwater snail BtiLinus 
gMmhta at a concentration of 100 ppm. 

Description Evc^rpreen shrub or small to 
medium-sized tree up to 18(-25) m tall, with 
bole and brandies often crooked or gnarled; 




Mnriitda lucida - I, flowering branch; 2, in- 

fruclesceiice. 

Redrawn and adapted by Aehmad Satin Nur- 
hamaii 
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bark smooth to roughly scaly, grey to brown, 
often with some distinct purple layers. Leaves 
opposite, simple and entire; stipules ovate or 
triangular. 1-7 mm lung fnlling oarly: petiole 
up to 1.5 cm long; blade elliptical, 6-18 cm x 2- 
9 cm, base rounded to cuneate, apex acute to 
acuminate, shiny above, sometimes finely pu- 
bescent when young, later only tufts of hairs in 
vein axils beneath and some hairs on the mid- 
rib. Inflorescence a stalked head 4-7 mm in 
diamotrr 1-^^ nt the nodes opposite a single 
leaf; peduncle up to 8 cm long bearing at base a 
stalked cup-^aped gland. Flowers bisexual, 
regular. 5-merous. heterostylous. fnii;r;iMl 
calyx cup-shaped, c. 2 mm long, persistent; 
ofHtiUa salver-akaped, c. 1.6 cm long, white or 
greenish yellow, lobes ovate-lanceolate, up to 5 
mm >^ 2f} mm; ovary infeiior 2-celled. style 8- 
1 1 mm lung with 2 stigma lubes 4—7 mm lung; 
stamens 6, inserted in the corolla throat, with 

short filament s Fruit n drupe, several together 

arranged into an almost globose succulent ^yn- 
carp 1-2.5 cm in diameter, soft and black when 
mature; pjn^^'ix ' ..mpressed ovoid, up to 6.5 
mm X 4 mm. d;irk ivd-brovvn, very hard. I- 
seeded. Seed ellipsoid, c. 3.5 mm x 2 mm x 0.5 
mm, yellowish, soft. 

Other botanical information Morindn 
comprises about 8U species and occurs 
throughout the tropics. In Aftica 6 species are 

found. The romjinratively small flow. rmL: and 
fniifinLf bc-ids im long slender petjunili's are 
distinctive characteristics of Morinda lucida. 
Other Morinda species also yield yellow and 
n il <!\f's but they usually have other more 
important uses. Many species, including those 
from Aftica, are important medicinal plants, 
widely applied agninsi vnrious kin<ls of fevers 
anri infertions. The powerful liye from h;irls and 
i-oots of Morinda ciirijolia L. is used where 
traditional textile dyeing is praelised in Africa. 

The root bark Mnriiidn Qriiii'iinta TiC is used 
in Cote d'lvoire to d>'e traditional cotton cloth 
bright orange-red and the bark is also added to 
indigo baths to promote fermentation and to 
produce darker blue roluurs. From the root 
bark uf Morinda lungi/lora G.Don the red an- 
thraquinone colorants 1-methylether-alizarin 

,ini) lubindin h-.Wf lu rn isdl.iti-il .-ind the leaves 
and roots of Morinda morindoidea (Bak.) 
Mifaie-Redh. also contain anthraquinone com* 
pounds used for red colouring. 

Growth and development In Cote d I voire 
flowering of Morinda lucida is from February 
to May, fruiting fttim April to June. 

Ecology Morinda Judda grows in grassland, 



exposed hillsides, thickets, forests, often on 
termite mounds, sometimes in areas which are 
regularly flooded, from sea-lefvel up to 1300 m 

altitudf 

Management The useful parts of Morinda 
btdda are mostfy collected from wild plants. 
Only occasionally are plants grown in hoitie 
gardens. Propagation is possible by seed and 
cuttings, but no details are known. 

Handling after harvest For dyeing, the 
root Imrk or leaves nre used fresh pounded or 
chopped. For red colours, the fibres to be dyed 
must first be mordanted with tannin- 
containing plants and alum. For red and yellow 
colours, the dye baths are prepared by boiling 
the root hark or Ieal\' twigs in water tar one or 
two hours before filtering ;ind plunging the 
textiles into the coluuied liquid imd boiling it 
again until the desired shade is obtained. 

Genetic resources Moruida lucida is wide- 
q}read in Afrir.-i .snd not in dai^er of genetic 
erosion. Germplasm collections are not known 
to exist. 

Prospeeta Moritida lucida is an interesting 

multipurpose species yielding dyes, timber, 
fuel and trudiliunal medicines. For a reliable 

evaluation, however, more research is needed 
on its diemical composition and cultivation 
possibilities. 

m^lor references Abbiw, 1990; Adesida & 
Adesogan, 1972; Buikill, 1997; (\-irdon, 2003; 
Hepper & Keny, 1963; Irvine, 1961; Miege, 
1992; Staner, 1936; Verdcourt, 1976; Verd- 
court, 1989. 

Other references Asuzu & ChiiK im liUU): 
Aubreville, 1950; Awe & Makinde, 1998; Awe 
et al., 1998: Dateiel, 1937; Koumaglo et al., 
19;)2: Makinde & Obih. 198.-); Xeuwinger. 2000; 
f ihih \lnkinde & Laoye, 1986; Olajide, Awe & 
Mukinde, 1998. 

Sources of illnatratioBPauwels, 1993. 

Authors C. Zimudzi & D. Cardon 



MUCUNAFLAGELUPES Hook.f. 

Protologue .\iger 11.: 307 (1849). 

Family Papilionaoeae (Leguminosae - Papil- 

ionoideae. Fab;ieeae) 

Origin and geographic distribution Mucuaa 
flagellipea occurs ftx>m Sierra Leone east to 
Central Mricnn Republic, DR Congo, and south 
to >i\ngola. Its reported ooourroice in Uganda is 
doubtful. 

Uses Vegetable fibres and doth, leather, 
wooden objects and potteiy are dyed blade or 
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blue-black by boiling thom up with stems and 
leaves of Mucuna flagellipes, often together 
with the fruits of Alchomea ci>i<lijnlia 
(Schumach. & Thonn) Miill.Arg, (Kiiiilior- 
biaceae), both collected from the wild. The leaf 
sap is used heah as blue-black dye for bark 
doth Cpongo ) liy thf Ml)uti Pygmies of the 
Ituri Forest in north-eastern DR Congo. The 
stems, branches and flower stalks are used as a 
rough fibre (e.g. as rope) and th(> se<><ls in 
games. In Cote divoire a decoction of leafy 
twigs is used as a beverage or a bath to treat 
rachitic children, and it is also taken as an 
emnii'iiagiigiic nnrl to -^top (Ii;iirhoi';i In Xi^e- 
ria the haurs on the fruit, which intensely irri- 
tate the skin, are used in a medicme to exjpei 
tapeworm. The cotyledons are eaten raw 
against slipped disc Thi' pulverized fruits are 
applied against lice. The gum present in the 
seeds is an emulsi^ng and suspending agent 

and is for example, applied in ph.nrmricnlogj- to 
prepare suspensions of sulphadinune and zinc 
oxide and in bread baking to improve moisture 
retention and to reduce crumb firmness. 

Properties Tannins, cyanogenic glycosides 
and indolic alkaloids have been reported in 
various Mumna species and may all contribute 

to Ihc cnliiiD-inLr fTr(>rl of ihe snj) nnd le;iv(^s. 
MucuiLu fiugellipes seed contains approxi- 
mately 20% protein and 70% carbohydrate. The 
carbohydrate consist.*; for up to .^0% of a water- 
dispersililr jinlysaccharide (gum), which ha.*; a 
high pseudoplasticity. The major monosaccha- 
ride is D-galactose. The seeds probably also 
contain the amino acid L-dopa. 

Botany Large liana up to 12 m long with 
stem up to 3 cm in diameter, glabrous. Leaves 
alternate, pinnately ;i-foliolale; stipules de- 
ciduous; petiole l-I 1 cm long rachis up to 3.5 
cm long; petiolules up to 7 mm long; leaflets 
ovate to dblong-^liptical, 7-14 cm x 3-7 cm, 
rounded to slightly cordate at base, apex acu- 
minate, inflorescence an axillaiy, pendent, 
silveiy hairy raceme with zigzag rachis up to 
20 cm long: peduncle up to 3 cm long. Flowers 
bisexual, papilionaceous showy: pedicel up to 5 
cm long in fruit; calyx campanulale, 2-hpped, 
up to 3 cm long, tube and 4 lobes of about equal 

length, densely appressed pubesn nt \^ith or- 
ange-brown bristles; corolla cream or greenish- 
white, standard rounded, up to 4 cm x 4 cm, 
with .1 mi dian claw and a pair of inflexed lat- 
ej-al .lurii ies at base, wings and keel up to 1.5 
cm long, clawed and with a small auricle; sta- 
mens 10, 1 Gtee and the other 9 fused; ovaiy 
superior, 1 -celled, style long. Fruit a pod up to 



1!) cm X G cm X 2 cm, with about 12 interi-upted 
transverse wing-like ridges, densely covered 
with red-brown irritant hairs, usually 2-4- 
seeded. Seeds discoid with c onvex faces, up to 3 
cm X 3 cm X 2 cm, purple, distinctly rou^. 
Mtieuna belongs to the tribe Phaseoleae and is 
a large genus comprising about 100 species, 
distributed pantropically. In tropical Africa 
about 10 species are present. The hairs on the 
fruits, which irritate the skin intensely, make 
the plants difficult to handle. 

Ecology Mucuna flttgellipes is found in wet 
shaded localities in riverine and swamp forests 
and at the borders of mangrove vegetation. 
Ijrom sea-level up to 1400 m altitude. Flowering 
mid fiuiting occur yearround. 

Genetic resources aud breeding Mucuna 
flagellipes is w idespread and not in danger of 
genetic erosion. 

Prospects Mueima flageUipes will remain 
only locally of importance for black or blue dye- 
ing of clothes, wickerwork, potterj' and wooden 
utensils. Ease of application, direct effect and 
intense coloration on various substrates using 
the leaf sap makes research on the indolic al- 
kaloids in Mucuna spp. worthwhile, e.g. to in- 
vestigate possible applications as cosmetic col- 
oranl s. 

Major references Abbiw, lUtiO; Burkili, i'jyS; 
Gillett et al., 1971; Irvine, 1961; Staner, 1936; 
Tanno. 1!)81. 

Other references Hahal & van \'all<onburg, 
2003; Ghosal, Singh & Bhattacharya, 1971; 
Hauman et al., 1954; Hepp^, 1968; Neuwinger, 
2000: Onweluzo. Obanu & f )nuoha. 1994: Onwe- 
luzo, Leelavathi & Rao, 1999; Raponda-Walker & 
Sillan% 1961; Szabo & Tebbett, undated. 

Authors P.C.M. Jansen 



Mucuna poggei Taub. 

Protologue Bot. Jahrb. 23: 19 1 (1896). 

Family Papilionaceae (Leguminosae - Papil- 
ionoideae, Fabaceae) 

Synonyms Miicima nihm-auranfiaca De 
Wild. (1913), Mucuna pesa De Wild. (1914). 

Vemaoiilar nuunea Bufblo bean (En). Mu- 
cuna de Pri^tre fpr! !\l!'iU':i 'PrA 

Origin aud geographic distribution Miwiuia 
poggei is distributed all over tropical Africa, 
but does not (H cur in the Indian Ocean iriands. 

Uses in 'l ogo the stems of Mucunn pnggei 
collected from the wild, are used to prepare a 
black dye and in the south of DR Congo (Ka- 
tanga) a blade ink is prepared from the leaf 
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sap. In DR Congo pounded stems are cast into 
streams to stupefy fish and the ash is used to 
chase snakee. The thinner biai^rhes are used 
for tying The seeds tire edible and in Xigeria 
the plant is browsed by cattle. A decoction of 
the stem is said to cure spear wounds. Crushed 
bark and leaves are astringent and applied as 
a poultice to sores, wounds and bums. A root 
decoction or extract is used to treat djrsenteiy, 
diarrhoea, malaria, gonorrhoea, hookworm and 
si h jstosoniinsis. Root shavings are applied as 
an analgesic agamst toothache. In MaU a leaf 
decoction or young leaves are appUed exter- 
nally against herpes A root di-ooetion is used 
as a wash to treat paralysis of the legs and 
yellow fever. A flower decoction is applied in 
Tanzania against headache. 

Properties Mtieiiiia poggvi stains hands and 
iron implements brown-red. Sap of the stem is 
dark brown and becomes dark red as it coagu- 
lates upon exposure to nir The ehemiral con- 
stituents are unknown. Tannins, cj'anogenic 
glycosides and indolic alkaloids have be^ re- 
ported in various Miicuiui species and may also 
be present in this species, contributing to the 
colouring effect of the sap and leaves. The 
seeds may also contain the amino acid L-dopa 

(levodopn). 

Botany Large liana up to 3U m lung with 
stem up to 20 cm in diameter, glabrous or pu- 
bescent. Leaves alternate, pinnntely .'{-foiiolate; 
stipules trinnpulnr, r. 1 cm lone <li ! i(hions- 
petiole up to 16 cm long, rachis up tu .3 cm long; 
petiolules up to 8 mm long; leaflets rhomboid, 

ovate or obovate. 10-19 cm H-l^l cm Iinse 
rounded to slightly cordate, ape.\ apiculate or 
rounded, lateral leaflets ver>- asymmetrical, 
sparsely apprcss< d pubescent above, densely 
silverj'-grey hairy below, Inflnrescenre an axil- 
lar>', pendent, grey to reddish hairy, many- 
flowered raceme; peduncle up to 20 cm long, 
rnchis up to ;i2 cm long. Flowers bisexual, papil- 
ionaceous; pedicel up to 1 cm long; cal>'x cam- 
panidate, 2-lipped, tube 5-12 mm long, 4 lobes 
unequal. 2-7(-22) mm long, upper pair jraned, 
densely velvety with bristly, irritant orange-red 
hairs; corolla greenish while or yellowish, stan- 
dard ovate to elliptical, c. 6 cm x 3 cm, wings 
and keel up to '.) cm long; .<itamens 10 1 free and 
9 united; ovar>' superior, 1 -celled, style long. 
Fruit a circular to obkng pod 5-20 cm x 3.5-4 
cm X 2 cm. densely covered with deciduous, or- 
ange-red, bristly, very irritant hairs 1-.5- 
seeded. Seeds in-egularly elliptical-oblong, curved, 
compreased, up to 2.5 cm x 2 cm x l cm, purple or 
pale brown with dense daxk brown mottling. 



Miirinin belongs to the tribe Pliaseoleae and is 
a large genus comprising about 100 species, 
distributed pantropically. In tropical Afirica 
about 10 s]>ecies are present, Miiciina ]>ogM<'' 
rather variable and mainly based on corolla 
lengdi and hairiness of the leaflets, several 
varieties have been distinguished 

Ecology Mucuna poggei is found in riverine 
and swamp forest, in bushland and in thickets, 
from sea-level up to 2000 m altitude. 

Genetic resources and breeding Mucuna 
poggei 18 widespread and not in danger of ge- 
netic erosion. 

Prospects Miirttiia poggei will probably 
remain a minor dye source, only locally used. 
Tts irritating bristly hairs on flowers and fruits 
make it difficult to handle .\r\ ci tli> Ics- tin 
dye and tannin content and pharmacoli it;ir:il 
properties of this and other African Mucuna 
species deserve research. 

Major references Burkill, 1995; Gillett et 
al, 1971. 

Other references Adjanohoun et al., 1979; 
Dahal & van \ alkenburg, 2003; Haerdi, 1964; 
Hauman et al.. 1954: Ilepper, 1958; Neuwin- 
ger, 2000; Staner, 1936; Vergiat, 1970. 

AutiioM P.C.M. Jansen 



MurUNASLOANEI Fawc. & Rendle 

Protologue -Journ Rot, '.V\ (1917), 

Family I'apilionaceae (Legummosae - I'apil- 
ionoideae, Fabaoeae) 

Synonyms Mucuitu uivitx auci non (1..) Medik. 

Vernacular names Horse-eye Ix an, ham- 
burger bean (En). CEil de bourrique. grand pois 
pouilleux (Fr). 

Origin and geographic distribution MiirtDia 
sloanei is very widespread, in Africa from Si- 
erra Leone east to DR Congo, and south to An- 
gola, also in the Caribbean region tropical 
America and islands of the Pacific Ocean. Oc- 
casionally it is cultivated, e.g. in Nigeria. 

Uses A black dye is obtained from all parts 
of Mucuna sloaiici which is used in Nigeria to 
dye fibre and leather black. Cooked young 
fruits are eaten as a vegetable; in Nigeria Mu- 
cuna sloanci is occasionally culti\ated for that 
purpose. The ripe seed is eaten pounded and 
cooked, preferably in soups. Oil extracted from 
the seed con be used in the preparatim of 
resin paint, polish, wood varnish skin cream 
and liquid soap. The Edo people in Nigeria use 
leaf sap to stop diarrhoea. In tropical America 
the seed is used as a diuretic, and in Gabon 
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and tropical Americo a seed decoction is used 
as a soothing medicine to relieve the discom£bit 
of haemorrhoids. The seeds are also used for 
deoorntion and in games. 

Properties The dj-e of Mucuna sloanei has 
not been studied, but tannins, cyanogenic gly- 
cosides anfl indolir alkaloids have been re- 
ported in various Mucuiia species and may abo 
be present in this species, contributing to the 
colouring effect of the sap and leaves. Total 
lipid content of diy matfrr of Miiniiia .•iloaiwi 
seed is about 7% (a different source gives an oil 
content of dried seeds of about 23%). Of the 
fatty acids. 83% is palmitic acid oleic acid or 
iinoleic acid. The dried seeds also contain (3%) 
of the amino acid L'dopa (levodopa), which 
stimulates the formation of the neurotransmit- 
ter dopamine in the brain. 

Botany Liana up tu G m lung, with angular 
almost glabrous brandies. Leaves alternate, 

pinnntoly .''-fnliolatf^; stipules fadiicoiis: petiole 
5-1 1 cm long, rachis 2-3 cm long; petiolules 3— 
4 mm long; leaflets ovate to elliptical, 7—11 cm 
X 4-7 cm. apex acuminate, lateral leallets asym- 
metriial, silky pubesii-nt lielow Iiilloiestvntx^ an 
a.\jllarj, umbellate raceme, 5— lU-tlowei'ed. I' low- 
ers bisexual, papilionaceous; pedicel e. 1 cm long; 
corolla uf) in 7 cm lonp, yi llow-ijrrrn to whitish 
yellow; stamens 10, 1 free and i) united; ovaty 
superior, 1 -celled, style long. Fruit a flattened- 
cylindrical pod 10-14 cm x 4-r> cm x 1 cm, black- 
ish with 12— I .T transversal deep hirrows, hearing 
yellowish stmgmg hairs, 2-3-seeded, Seeds dis- 
coid, c. 3 cm in diamet^ and 2 cm thick, blackish 
to dark brown. 

Mucuna belongs tu the tribe Phaaeoleae and is 
a large genus comprising about 100 qpedes, 
distributed pantropically. In tropical Africa 

about 10 species are present. 

Ecology Mucuna sloanei is found m wet 
localities in swamp forests, at borders of rivers 
and lakes in savamia woodland and secondary 

vegetation. 

Management In Nigeria cultivation of Jliu- 

ciiiKi sloanei is done using tall poles, as for 
cliniiunt.' i\ pi s .if iviminon bean. 

Genetic resources and breeding Miuuiiu 
sloanei is widespread and not in danger of ge- 
netic erosion. 

Prospects Mucuna sloanei will probablj' 
remain of minor importance locally as a source 
of black dye. Ease of application, dire<^'t effect 
and intense coloration on various substrates 
using the leaf sap makes research worthwhile, 
e.g. to investigate possible applications as cos- 
metic colorants. The nutritional and medicinal 



values of Mitcuna sloanei also need further 
investigation. 
Major references Burkill, 1995; Hauman et 

al in." I Ir\ in<< 1961, 

Other references Ajiwe et al., 1997; Eyo & 
Abel. 1979; Hepper, 1958; Rai & Saidu, 1977; 
Raponda-Walker & Sillans, 1961; Stevels, 1990; 
Szabo & Tebbett, undated. 

Anthors P.C.M. Jansen 



PAUKiui.\NTiiA KUiii:;NS (Benth.) Bremek. 

Protoiogue Rot Jahrb. 71: 215 (1940), 
l''aiiiily K'lilnaceae 

Synonyms L 'rophyllum mbmsBea^h. (1849). 
Origin and geographic distribution Pau ri- 

diunfha mbens is found in Cameroon. Central 
Al'rican Republic, Equatorial Guinea, Gabon 
and DR Congo. 

Uses Younc leaves of Patiridinnlha nibivis 
yield a red dj'e, which is used in Bioko (Equa- 
torial Guinea) and for iriiich the plant is culti- 
vated there. How the dye is used is not re- 
port ed 

Properties The nature of the red dye pre- 
sent in the leaves of Peiuridiantha ruhens has 
not been studied Se\'eral alkaloids have been 
identil'ied in related species: barman, pauridi- 
anthin and pauridianthinin in the root bark of 
Pauridiantha calHcarpoides (Hiem) Bremek., 
and pniiridianthin and pauridianthinol in 
PauridiaiiUia lyalii Bremek. The dye potential 
of Pauridiantha ndtens is optimized by the 
mordant inu effect nf (he aluminium present in 
the leaves. Alummium accumulation in leaves 
seems to be a chemotaxonomic diaracteristic of 
the Pauridiautlia g^us. 

Botany Shrub or small tree up to 7 m (all 
almost glabrous, with stem up to 15 cm in di- 
ameter. Leaves <vposite, simple and entire; 
s(ipii1es up to '2." mm x I I mm normally per- 
sistent but lallmg near inflorescences; petiole 
up to 3.5 cm long; blade elliptical, 12-32 cm x 
5-15 cm, base acute, apex acuminate, midrib 
very prominent below, young leaves l>rownish 
above, red below. Inflorescence an axillary 
panide up to 4 cm long, solitary or in pairs; 
peduncle 1-1 till lont: Flowers bisexual, 
regular, 5-meruus; pedicel up to 4 mm long; 
calyx cupular, truncate at apex or with small 
teeth; corolla white-green to green, tubular 
with triangiilar lobes up to 2 mm long: stamens 
short; disk c. 2 mm in diameter; ovary inferior, 
2-celled, style c. 3 mm long, ending in 2 stig- 
matic lobes. Fruit a flattened globose berry up 
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to 5 mm X 8 mm, many-seeded. Seeds c. 1 mm 
long. 

Pauridianlha comprises about 25 species, all 
African (1 in MixIngMsctir). 

Ecology Fauridiaiitha mbens is found at 
forest edges and edges of dearings, from sea- 
level up to 500 m alt It lkIc. 

Genetie resources and breeding Pauridi- 
antha m6cn« is widespread and does not seem 
to be in danger of genetic erosion. 

Prospects Tho use of fho younp Iravps of 
Pauridianlha mbena as source of a red dye 
may remain only locally of some importance, 
but in till' jiresont ("nnjum liirc uf renewed in- 
terest in natural d>'es as renewable sources of 
non-pollutmg colorants, the combination in the 
same plant of a red dye and a mu i I 1 1 1 - I >< cause 
of the presence of aluminium malves Pauridi- 
aniliu rubella interesting, especially smce it 
has been or still is cultivated. Methods of culti- 
vat ion rhomiml composition and trarlitional 
dye processes therefore deserve further inves- 
tigation. 

Major references Bremekamp, 1941; Burldll, 

1997: Ilalle 196G: Jansen et al,. 2000. 

Other references llepper & Keay, 1963; liiem, 
1877; Khan et al., 2004; Leveaque^ Jacqueey & 

Fourher li)H2: Pousset rt al., 1971. 
Authors P.C.M. Jansen 



PhII FNOPTERACYANEJSCENS (Schumach. & 

'I'honnJ Koberty 

Protologue Bull. Inat. Fran?. Afr. Noire, Ser. 

A 16(2); ar> 1 (19.54). 

Family Papilionaceae (Leguminosae - Papil- 
ionoideae^ Fabaoei») 

Chromosome number 'In = 22 

Synonyms Lonchocarpua cyanesceiia (^Schu- 
mach. & Thonn.) Benth. (1860). 

Vernacular names 'lara West .\friran wild 
indigu, Yuruba indigu (En). Gara, liane-indigo 
(Ft). 

Qiigin and geograpliic diatributioia mie- 

jinplrra rynnrscens is widespread in western 
Africa, from Senegal to Caraei'oon and Equato- 
rial Guinea (Bioko). It is also cultivated, par- 
ticularly in Siora Leone and Ghana, and occa- 
sionally elsewhere in the tropics. 

Uses All aerial parts of I^ilenoptera eyanea- 
ceii.i yield an indigo dye used in West Mrica at 
least since the 1 P^' centurj'. It is still used to 
dye blue to blue-black cotton cloth, bark cloth 
(formerly), raffia and odier vegetable fibres, 
leather, hair and wood carvings. This dyeing is 




Pkileiioptera eyaneaeena - wild 

still practised in many countries. It is very 

po[)ular amoiiii tho Raoule dyers of cenlr.il 
Cote d ivoire. In south-western Nigeria, Yoruba 
women use the plant, locally called 'elu', as 
their source of indigo dye in the art of making 
adire doth' a decorative technique similar to 
batik (a method of dyeing a fabric by which the 
parts of the fabric not intended to be dyed are 

covered with removable wax), creating pale 
bhie patterns on a dark blue ground. The dye is 
also vei^' important in the cottage industry in 

Sierra Leone where 'gara cloth' is made, dara' 
is the Madinka word for the traditional indigo 
dye found in many types of textiles of Sierra 
Leone. The source of this dye is the 'gara' leaf 
obtained from PInleiioptcni cydin'.icciis At pre- 
sent the word gara is used both for the dyeing 
process (using both synthetic and natural dyes) 
and for I he dyed produc-ts. It is believed that in 
the middle of the ]'.(''' centiiiy Siisii anfl Mad- 
mka traders from Gumea, who came to settle 
in Kabala in the northern province of Sierra 

Leone, encouraged the native Temne women to 
develop gara dyeing. Traditionally' woven cloth 
known as 'country doth' dyed with gara was 
used by l ii 1^ for oerem<mial dresses bridal 
dowry, liurial clothes, court fines and gifts to 
important visitors. At present gara is worn by 
a mudh wider circle of people for aesthetic and 
cultural reasons. It is used for daily and cere- 
monial uniforms m some schools and offices, in 
the hotel industry gara is used widely as nap- 
kins, tablecloths, bedspreads, curtains and as 
backdrop for conference halls and lounges. 
Fhilenoplem cyanescens still plays an impor- 
tant role in gara dyeing. 
Leaves chewed with potash stain the teeth 
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black. In Senegal the leaves are used as a oon- 
dimfnt eaten with couscous. Philenoptera 
cyaiiesceus is also used in traditional medidne. 
The Ii axc-; !iiid ntttts jiri' applied as a poultice 
or dressing to treat skin diseases and ulcers; in 
Ghana it is believed that the roots are more 
effective. In Sierra Leone and Guinea Bissau 
leaves and roots have been considered as a 
possible cure for leprosy. Leaves and bark are 
used as a laxat ive. In Renin leaf sap is drunk 
npainsf intpstinnl HisorHors nnd Hysontory. A 
decoction of leaty twigs and roots is given to 
women during or after diildbirth and is also 
taken as an aphrodisi;ir\ In Xi^ji'i ia this decoc- 
tion is used to treat arthritic conditions, vene- 
real diseases and diarrhoea. Ground root is 
applied to yaws ami u ashing with water con- 
tainiiiii poudt'it'd root lidjis to cui'o sores 

Production and international trade I'or- 
merly there was an export trade of dried 

Pltili'iinjitrra cyauesccns plant matorinl to 
Europe, f .g. from Liberia. At present about 
3000 people in Sierra Leone are engaged in 
gara production and trade and it has gained 
the status of a national identity symbol. Gara 
clolh, in addition to bemg used locally, is ex- 
ported to the United States^ United Kingdom 

nnd many African countries, but productitm 
statistics are not available. 

Properties Hie leaves contain 0.1-0.3% of 
precursors of indoxyl and can yield an indigo 
dyestuff which contains up to 13% indipotin. 
During the dyeing process, in addition to indi- 
gotin and indurubin, a series of yellow flav<moid 
colorants such as quei'crt in a quercetin glyco- 
side, kaempl'erol and rhamnetin also become 
attached to the fibre, but they gradually disap- 
pear through wearing of the cloth. (>\posure to 
the sun and reprateH washmq'. This los.s of 
secondary compounds makes it difficult to de- 
termine which plant source has been used for 
the indigo <lyi- in am icnt African textiles: hirli- 
gofera or Philenoptera. In Ghana the fruits are 
believed to yield a better dye than the leaves. 
The anti-inflammatory activity of Philenoptera 
cynju'scrii.H has b(>en i-onfirmed by animal tests 
and IS attributed to the presence of oleunane 
derivatives and glyc3mrfaetinic add. A triter- 
pene component of the plant has been found 
active against arthritis. 

Adulterations and rabstitutes £(everal 
Indigofera spp. also yield indigo and are used 
similarly 

Description Deciduous scandent shrub up 
to 4 m tall (in cultivation usually up to 2.6 m) 
or liana up to 20 m long; bark grey to very pale 




Philrjioptrra ryanetcens - 1, part of flowering 
branch; 2, fruit. 

Redrawn caid adapted by lakak Syammdm 

brown slash yellowish br.an<-hlrts sdk'v when 
young. Leaves ulternute, imparipinnately com- 
pound with 3-fi pairs of opposite leaflets, often 
diyiiiu bhiish: stijiules caducous: petiole 5-15 
cm lung, thickened at base; stipels I'ihform, 
early falling; petiolule 4-6 mm long; leaflets 
elliptical to ovate, 8—16 cm x 4-8 cm, base 
rounded to cuneatr, apex usually pointed mar- 
gin entii-e, with 6-12 pairs of lateral veins, basal 
leaflets usually smaller than the other ones and 
the terminal leaflet largest. Tnflnrescenre a ter- 
minal or axillai;)' panide up to 90 cm long, with 
short lateral brandies. Flowers bisexual, papil- 
ionaceous; pedicel up to 2 mm long: calyx 3-4 
mm long with pitdier-like tube and short teeth: 
corolla up to 1 cm long, white with blue mark- 
ings to purplish or daric blue, glabrous, sweet 

scented: stamens 10. united into a tube: ovarj' 
superior, shortly stalked, 1 -celled, style curved, 
stigma minute. Fruit a flat, more or less oblong 
pod 10-15 cm X 3-4 cm» pointed at both ends, 
with reticulate venation particularly promi- 
nent above seeds, long persisting on the plant, 
often drying bluish, 1-5-seeded. Seeds d>long 
to kidney-shaped, laterally flattened. 
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Other botanical information Philenoplera 
belongs to the tribe Millellieae and comprises 
lij s)>( '( ie8 confined to Africa and Madagascar. 
I'"orinerly these s|if ( i(>s were grouped in Loii- 
chocarpus, a genus now considered to be con- 
fined to tropical America, except Lonehoearpua 
sericeitti (Toir.) Ilumb.. Bonpl. & Kunth. which 
occurs in tropical America and Africa. Luiicho- 
carpus differs in its inflorescences with flowers 
grouped in pairs or fascicles (singly in PhiU' 
noptrrn). hniry rorolln nnd nffon tninrato rnlyx. 

Growth and development Flowering is at 
the beginning of the rainy season, more or less 

at the same time when new leaves appetU'. 

£cology Philenoptei-a vyaneacens is found in 
ooMtal, riverine and firinging evergreen forest 
and thicket, and in woode<! <4iMssland and 
<v\-y\h v egetation, from sea-level up to 400 m 

aiUluile. 

Harvesting Young, tender leafy twigs are 

rollrrted whenever needed. Tt is believed thnt 
the best time for harvesting is just before flow- 
ering. 

Handling after harvest Leaves mid young 
shoots ;ire bruised to a pulp find made up into 
balls about 10—12 cm in diameter, called aro 
in Yoruba. These balls are dried in the sun and 
sdid on mnrkels. Sometimes only dr\' breken 
leaves and twigs are sold n()t pulped mto bails. 
The dye bath is prei)ared by soaking crushed 
balls in hot water, the number of balls depend- 
ing on the desired intensity of the blue colour- 
Voi-uba women in south-western Nigeria use 
from 50 balls for a bright blue up to 150 for a 
blue-blaek colour. The necessary alkalinity is 
obtamed by adding lye from woud-ash. The 
solution is left to ferment for 6-8 days and the 
dye bath is then usually ready for the cloth to 
bo steeped in it The W'olof people in Senegal 
who use a similar procedure, stimulate the 
fermentation process adding some powdered 
root bark of Mnriuda geminaJa Dr. ( vanda ) 
which darkens the blue obtained and gives a 
reddish shine. A wide range of blue tones can 
be obtained depending on the number of dip- 
pings given to the cloth. In the Yoruba art of 
adire eleko , the cloth is patterned by applying 
a starch resist either free-hand with a comb or 
through n metal stencil. The starch past(> used 
is made from the local glutinous cassava flour, 
always conveniently to hcoid as it is a common 
coddng ingredient Then the cloth is folded 
gently and dipped mto the indigo vat. It is kept 
still in It for about 3 minutes. Then the cloth is 
lifted out, hung up to drain and aired to help 
the indigo colour to develop on the doth. It is 



usually folded again and dipped several times 
to produce pale blue patterns on a dark blue 
groimd. Special patterns are reserved for cere- 
monial dresses of officials In Sierra Leime two 
containers of 200 1 are used to prepare an in- 
digo vat, whidi is locally called 'setting the 
drum'. Gara leaves are put m the first drum 
and the second one is iilled with the barks of 
the roots of Moritida geminata DC. and of the 
stems of •Jalropha curcas L. and Mcuigifera 
iiiHira L. The amount of Mnriiida root bark 
should be twice that of the other barks. The 
second drum is then filled with water, wood- 
ash lye or caustic soda is added, and the mix- 
ture is boiled for 6 hours. The resulting dark 
brown, hot Hquid is poured on the gara leaves 
in the first drum and left to stand for 3 days. 
The resulting dye bath is dark green and ready 
for use. Nowadays, must dyers add some syn- 
thetic indigo at this stage and wait again until 
it is dissolved and reduced in the gar.i fermen- 
tation drum . Dyeing itself is a multi-stage 
process, the number of stages depending on the 
techniques used for creating the design. If the 
design is waxed on to the fabric (using the ba- 
tik technique) a cold dye bath is used. The fab- 
ric is first dipped into water before putting it 
into the dye bath to ensiin- an even colour. Tt is 
then left to soak (from 30 mmutes up to 2 days) 
until the desired depth of colour is obtained. 
After being lifted out of the Aye bath, the fabric 
is hung or spread out to drj- to ensure complete 
oxidation, absorption and fi.ving of the dye. 
After drjring, the fiibric is washed with cold 
water several times until the water runs cle.ir 
It is then starched usmg cooked cassava starch 
and left to dry in the sun. When dried, the fab- 
ric is folded and beat^ by a process known as 
calendering ('taprakn') to smoothen out all 
creases and give it a sheen and a permanent 
press finish. 

Genetic reaoiirces Phtlninptrrn ryaiirsnvi.t 
is widespread and not in danger of genetic ero- 
sion. In regions where it is much used and not 
cultivated it can become rare. 

Breeding Higher yielding cultivars are rela- 
tively easy to obtain by mass selection because 
of available great differences, but no breeding 

]:r iL'r:imtiv:'S are known lo t^xist. 

Prospects Fliilenopti'ia cyaiiescena as 
source of the important gnra dye in the cottage 
industr}' m .Sierra Leone and as the indlgO 
source in the adire art of Yoruba in Nigeria is 
Ukely to gam more importance because of in- 
creasing popularity of the dyed products. Re- 
search for <q;>timum cultivation methods and 
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breeding of higher yielding cultivars is recom- 
mended. 

M^for references Balfour-Paul, 1998; Baibour 
& Rimmonds, 1971: Burkill. 199r, (^ardon. 2003; 
Polakofl; 1980; Schi-u-e, 20UU; Spencer, 1996. 

Other referencea Berhaut, 1976; Hepper, 
1958; Irvine, 1961; Jukema et al., 1991; Mi^e, 
1992. 

Soiixoes of illttslaration Hepper, 1968. 
Authors D. Cardon & P.C.M. Jansen 



Philenofteralaxiflora (Quill. & Perr.) 
Roberty 

Protologue Bull. Inst. Fran?. Afr. Noire, 

Ser. A., 16(2): 354 (1954). 

Family Piipilionaceae (Leguminoaae - Papil- 
lonoideae, Fabaceae) 

Chromosome nim&ber 2n = 22 

Synonyms Loiivh(jcarpUH Jdxifloni.H C,u\\\ & 
Perr. (1832), Phileiioplera achimperi Huchut. ex 
A.Rich. (1847). 

Vernacular names Gambian indigo (ESn). 
Savon nottf (FrV 

Origin and geographic distribution Phile- 
noptera Icudflora is widely distributed in tropi- 
vi\\ Africa from Cape Verde and Senegal to Eri- 
trea and OR Congo. 

Uses In West Africa, part icularly in Senegal, 
Gambia and northern Nigeria, but also in the 
Kordofan province of western Sudan and in the 
Ka.sango region of eastern DR Congo, the 
leaves were and may still be used as source of 
nn indipo dye in the snmo manner a.s those of 
gara (Phileuoplera cyaiiescens (Schumach. & 
Thonn.) Roberly) and the same range of blue 
colours can be (Stained as with gara and Natal 




I^tilenoptera kudflora - wild 



indigo {Iniiijiofefa anvcto Hoch.st. ex A.Rich.). 
In Gambia the dye was much used to make the 
famous 'bara siti cloth in whidi decorative 
patterns are mad*' by crumpling and binding 
part s of the tissue during the dj'e process. This 
tie and dye technique originates from the Son- 
inke people in Senei,';d. In Senegal and ( aimea, 
Tenda people use the bark m a condiment mix- 
ture. In the Central African Republic young 
leaves are eaten as a cooked vegetable and 
Gbatya people eat the flowers and fresh young 
fruits. The fruit is also eaten cooked with pot- 
herbs and sesame paste. After boiling, the 
fruits can be dried and stored for later use. The 
leaves are browsed or used as ibdder for goats. 
In many places the tree is used for pole timber 
and as a source for fuelwood and charcoal. In 
Ghana, Senegal and Sudan the roots and bark 
are used as a Ionic and to treal jaundice. In the 
Central African Republic a decoction of young 

leaves is taken against liver troubles. In Ethio- 
pia the root is used extema% against stomach- 
ache. In Nigeria and Sudan the leaves are ap- 
plied as a poultice on ulcers and a li . k tion of 
the bark is used against intestinal prublems of 
horses. In Nigeria leaves and bark are used as 
an insecticide and as an external anti-parasitic 

for scabies and ring\vf)rm. With its iKdicately 
scented blue or pmkish llowers, crowded in 
panicles all over the crown, Pkilenoptero taxi' 
floiii IS a potential ornamental tree. 

Production and international trade Dyers 
m Gambia collect leaves from wild trees but 
also import PhUenoptera kudflora leaf balls 
from Sierra Leone and Xigeria Productioa and 
trade statistics are not available. 

Properties In Sudan (Kordofan) the dye 
obtained from Phileiioplera laxiflora is ainsid- 
rred of lower quality than the dye from Philr- 
noptera cyanescens. The wood is pale yellow, 
hard and heavy. Research on the diemical 

mmpositinn of Phi'Iriinptrra InxifJnrn is still 
needed, especially concerning the alleged pres- 
ence of indigo precursors in the leaves. The 
isotlavanes lonchocarpane and laxiflorane and 
the pterocarpans philopterane and its 9-0- 
methyl derivative were isolated from the root 
bark. 

Description Deciduous small tree xip to 12 
m tall; baik fibrous^ grey or brownish outside, 
becoming rou^ and flaking, slash yellow-white 
exuding a red resin. Leaves altemate, up to 45 
cm long, impnripinnately compound with 2-3 
pairs of opposite leaflets; rachis of mature 
leaves 3-6 cm prolonged beyond upper pair of 
leaflets; stipules and stipels linear, up to 2 mm 
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Philenoptem laxiflom - 1, leafy bnmek; 2, m- 

flnrcsmicc: .? fniii 

Redrawn and adapted by Aclimad Saliri Nur- 
haman 

long, cadiirnns loaflots pllipticnl, 18 cm x 2- 
6 cm, terminal leaflet largest, slightly leathery, 
thinly haiiy beneath, pinnately veined. Inflo* 
rt'Sfcnce ;i 1<>i-min;il or iixill;irv panicle up to 60 
cm long, at first erect but ultimately pendu- 
lous, strongly but shortly brandied. Flowers 
bisexual, papilionaceous, up to 1.5 cm long; 
rnlyx campanulatc, with short trofh rorolla 
pmkish-mauve to deep lilac with a median 
white or yellow patch faiside on standard; sta- 
mens 10, unitoil info a tubo; ovaiy supnrior, 
shortly stalked, 1 -celled, style curved, stigma 
minute. Fruit a narrowly elliptical to linear- 
oblong, flattened i>od. 6-1 I cm x 1-2 cm, nar- 
rowed at both ends slightly sinuate between 
the 1—4 seeds, papery, shortly hairy and red- 
dish green, becoming glabrous and pale brown 

at nintuiMty Seeds oM<inL'^ 'i' Is'i'lney-shnped. 

Other botanical information PhUenoplera 
belongs to the tribe JitUsHieae and comprises 
12 species confined to Africa and Madagascar. 
Formerly those species were grouped in Lou- 
chocarpus, a genus now considei-ed to be con- 
fined to tropical America. When flowers and 
finiits are absent PiulmopUra laxxflom can 



easily be confused with Siereospermum ktui' 
thianum Cham. (Bigiioniaceae) in which how- 
ever the leaf-rachis does not extend beyond the 
upper pair of leMflets. 

Growth and development Flowering pre- 
cedes or is simultaneous with the appearance 
of new leaves at the beginning of the rainy 
season. 

Ecology Pfttfenopfero Jox^oro occurs in 
savanna or deciduous woodland, fipom sea-level 

up to about 2100 m nItifiiHo 

Harvesting Leaves can be collected when- 
ever available in the rainy season. 

Handling after harvest I.iMves .ire bi uised 
to a pulp and made up into bails 10-12 cm m 
diameter. These balls are dried in the sun and 
sold on market- Tn dye cloth into viUKUis 
shades of blue, the d\e-\'at is prepared by soak- 
ing crushed balls in hot water, the number 
depending on the desired intensity of the blue 

colour The neressnrj' alkalinity is obtained by 
adding lye £rom wood-ash. The solution is left 
to ferment for 6-8 days usually and the dye 
bath is then ready for the cloth to be steeped 
into it. In the Kasongo region of DR Tongo, 
young leaves ol Moriiida lucida Benlh. are put 
into the 4ye-vat of F^iknoptem laxiflora leaves 
and the resulting greenish dye is used to dye 
mats. 

Oenetle resovrees PhUenoptem kudflom is 

widespread and not in danger of genetic ero- 
sion Tn repions where it is much used and not 
cultivated it can become rare. 

Prospeeta As one of the sources of natural 
dyes for the important bai-a siti cloth in the 
cottage industry in Gambia and as mdigo 
source in various other countries Philmt^iera 
laxiflora is only likely to retain some impor- 
tance in repions whore no hotter indigo sources 
of plant origin are available. Flesearch on opti- 
mum cultivation methods for dye production 
and (ii'nriment.'d ]ilrintinp is recommended. 

Major references Arbonnier, 2004; Burkill, 
1995; Cardon, 2003; Gillett et al.. 1971; Nacro 
& Millogo-Rasolodimbi. 199,3: Schnre 2000, 

Other references Baumer. 1975: Beiliaut. 
1976; Ilepper, 1958; Irvine, 1961; Pelter & 
Amenechi, 1969; Staner, 1936; Vergiat, 1970. 

Sources of illustration Thulin 1989. 

Authors D. Cardon & P.C.M. Jansen 
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Phyllanthus bojerianus (Baill.) 
Mttll.Arg. 

Protologue DC. Prodr. 15(2): 3 13 (18r,R) 
Family Euphorbiaceae (APG; rhyllanthaceae) 
Origbi and geograpliie cHsMbutioii Phyl- 
hiiithus bi)}eriamts is endemic to Madagascar. 

Uses The leaves or shoots of Phyllanthus 
hojeritmua are used to colour fibres blackish, 
often wilh alum as a mordant. They lut first 
bi-uised and \\\vn \hv mixture i.s boiled. When 
the decoction has become deep red, black mud 
is added, together with the fibres to be dyed. 
The mixture is regulaily stirred and the fibres 
nibbed ibr a period of 12 hours. When the fi- 
bres have be«>me black, th^ are dried. An- 
other method is to boil a mixture of bruised 
leaves of /Vi v//</////j//s bojerianus and Syzygiiini 
jamboa (L.) Alston. The fibres are first covered 
with black mud and added to the boiled mix- 
ture in which they nre left for 11 days The fi- 
bres are then taken out, washed and dried. 

Properties Although the chemical composi- 
tion of Phyllanthus bojerianus Ims not been 
investigated, the reaction of the plant with 
black ferruginous mud tends to mdicate that 
this ^ecies, like several other HtyUantiiua 
s])]) is quit(> ridi in tannins. 

Botany Dioecious, slender shrublet c. 1.5 m 
tall, stems sometimes dimbing. Leaves alter- 
nate, simple and entire; stipules up to 1 mm 
long persistent; petiole up to 1 mm long; blade 
narrowly elliptical-lanceolate but slightly 
curved, up to 6 nun X 2 huH] rounded at both 
ends Inflorescence an axillary fascicle, 1-5- 
llowered. Flowers unisexual, regular, greenish 
white; pedicel up to 6 mm long; sepals 6-6, c. 1 
mm long, persistent; petals absent; male flow- 
ers with ii free stamens: female flowers with 
superior 3-lobed ovary crowned by 3 linear 
styles c. 1 mm long. Fruit a 3-labed capsule c. 4 

mm in diameter, up to (l-seeded. 
PhyUmUlma is a large genus compiising about 
750 species in tropical and subtropical regions, 
with about 150 species in mainland tropical 
Africa and about HO m Madagascar, Flowering 
and fruiting of I'hyllunlhus bojeiianuit is m 
Novembei^eoember. 

Ecology Phyllanthus bnjrriantis OOCUFS in 
rock>' localities up to 1600 m altitude. 

Genetic resources and breeding Phyllan- 
thus bojerianus is widespread in Madagascar 
and does not seem to be in danger of genetic 
erosion. 

Prospects FhyUanthua bojeriamu will re- 
main of minor local importance only as a 



source of red or black dye. However, the use of 
natural dyes is being revived in Madagascar 
for raffia and for .silk in the product ion of tradi- 
tional textiles for the mternational market. 

Major references Decaiy, 19 16; Etlieve, 2005. 

Otiier references Leandri, 1958. 

AutliorB P.C.M. Jansen 



Phyllanthus fMBUCA L. 

Protologue Sp. pi. 2: 982 (1753>. 

Family Euphotbiaoeae (APG: Phyllanthaoeae) 

Chromosonie number -ii - '.)H, 1(1 I 

Synonyms Emblica ofJicuiaJis (.laeitn. (1790). 

Vemacnlar names Emblic myrobalan, em- 
bhc, aonia, amla (EJn). Emblique officinale, 
bilimbi madras, myrobolan emblique (Fr). Mi- 
rabulano emblicu (Pu). 

Origin and gieograpliio distribution Phyl- 
lanthiis pnibJica is indigenous to n large area 
ranging from Nepal, India and Sri Lanka, 
throughout South-East Asia to southern China. 
It is widely cultivated for its fruits throughout 
its natural area of distribution, particularly in 
India, and also in the Mascarene Islands 
(Reunion, Mauritius), the West Indies and Ja- 
I)an. Formerly it w as ci.dti\ ated in M.-idagascar. 

Uses The leaves of PhylUinUiua emblica are 
employed for d>'eing matting, bamboo wicker- 
work, silk and wool into brown colours. (Irey 
and black colours are obtained when iron .salts 
are used as mordants. Matting can be dyed 
dark colours with a decoction of the baik. The 
fruits are used to prepare a blac-k ink and a 
hair d^'e. immature fruits, bark and leaves are 
used for tanning in India and Thailand, often 
in combination with other tanning materials 
such as chebulic myroliMliui i'J'rrniindh'd chc- 
bula Ret/..) and beleric myrobalan (Teinnnalia 
h^Unea (Gaertn.) Roxb.). 

The fruits nre edible but rarely enten raw be- 
cause they are astringent and sour. They are 
usually made into jam, jelly or syrup, or pre- 
pared in codced food, or as sweetmeat and 
pickle Leaves and fruits are used for animal 
fodder, whereas leaves can also be applied as 
green manure. Although the wood may warp 
and split it is used for the construction of fiir- 
niture and implements and it is vety durable 
when submerged in water. The wood is also 
suitable as firewood and produces charcoal of 
good quality. .Ml parts of Phyllanthus rnibh'ca 
are used medicinally with a vast range of ap- 
plications. The plant is ccmsidered to have an- 
tiscorbutic, refreshing, diuretic, laxative and 
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antibiotic properties and to be useful in the 
treatment of haemorrhages, diarrhoea, dysen- 
tery, anaemia, jaundue ilyspepsia. diabetes, 
fever bronehitis and cough. A standardized 
extract of PhyllaiUhua emblica is traded in the 
United States as a component of anti-ageing, 
sunscreen and general-purpose skin care prod- 
ucts. 

Properties Fruits, bark and leaves of Phyl- 
lanfhiis cmhlico are rich in tannin. Dried pulp 
of unripe fruits eonfnins 18-:?5% tannin; the 
content of npe fruits is much lower. The dr>' 
stem bark contains 8—20% tannin. The baik of 
twigs is usually l icher. containing 12-24% tan- 
nin on dij' weight basis. Leaves may yield 22- 
28% tannin. The tannins of the fruit belong to 
the group of t:;illi)tannins and ellagitannins, 
gi\'ing on hydrolysis huge amounts of gallic acid, 
small amounts of ellugic acid, and glucose. The 
tannin of the bark belongs to the group of proan- 

thocyanidins fji\ ini: f * lleiicoflelphinidin on hy- 
drolysis. Phyllauthus emblica tannin material 
gives a reddish brown leather with a soft grain, 
lacking somewhat in flexibility, which is wliy it 
is usually mixed with other tanning materials. 
The fruit is an extremely rich source of ascorbic 
add (vitamin C), 100 g of juioe containing 600- 

1300 mp .<r)melimes ev(<n more. The t.mnin in 
the fruit prevents or retards the oxidation of 
the vitamin, so that the fruits can be preserved 
in salt solution or as dry powder while still 
maintaining their antiscorbutic vnliie The 
fruits have diuretic, laxative and purgative 
activities and also show mollusdcidal and an- 
timicrobial properties Th('\ are a rich source of 
pectin. Friuts of wild plants weigh approxi- 
mately T) g. cultivated fruits average 28-60 g. 
Seeds yield about lf)% of a brownish yellow oil 
with linoleic acid (44%) oleic acid (28.4%). lino- 
lenic acid (8.8%), stearic acid (2.2%), palmitic 
add (3.0%) and myristic add (1.0%). Seed 

weight is about 570 g per lOOf) seeds. The wood 
is frurlj' heavj', weighing 720-930 kg/m^ at 15% 
moisture content, and is hard and dose-grained. 
It has a reddish colour and is liable to split. 
Many of the medicinal applications of the fruits 
can be ascribed to the presence of ascorbic acid 
and to the astringent action of tannins, but the 
fiTjits contain other active rompniinds ns well. 
Fruit extracts showed anti-oxidant and anti- 
tumour activities in in-vitro and animal tests. 
They also exhiluted cholesterol-lowering, anti- 
tussive, anti-ulcerative and hepatoprotective 
properties and showed potent inhibitoiy activ- 
ity on HIV reverse transcriptase; for the latter 
activity putranjivain A was the most active 



compound isolated. Phyllcmblin has also been 
isolated from the fruits; it potentiates the ac- 
tion of adrenaline, has a mild depressant ac- 
tion en the cvntral nervuus system and has 
spasmolytic pi-operties. Fhylkmlhus emblica 
leaf extracts have shown inhibitoiy activity on 
human leukocjtes and platelets, which at least 
partly confirms the anti-mOammator}' and 
antipyretic properties of Phyllanthua embUea 
leaves. The tannoid prindples are potent in- 
hibitors iif" ;ili!i>s<' reductase an<l may be effec- 
tive m the management of diabetic complica- 
ti<m8, induding cataract. 

Botany Small to medium-sized deciduous 
tree, sometimes up to 25 m tall but usually 
mudi shorter, up to 7.6 m; trunk often crooked 
and gnarled, up to 36 cm in diameter; bark 
thin, smooth, grey, peeling in patches, with 
numerous knobs. Leaves alternate, distichous 
and densely crowded along lateral twigs, sim- 
ple and entire, glabrous, sessile: stipules trian- 
gular; blade narrowlj' oblong. 5-25 mm x 1-5 
mm, rounded and more or less oblique at base, 
acute or obtuse and mucronate at apes. Flow- 
ers fascicled in axils of leaves or fallen leaves, 
unisexual, the male flowers numerous at base 




Phyllaiithus emblica 1, floii rnvff branch; 2, 
male flower; 3. female flower; 1, fmitiiig 
bnmeh. 

Source: PROSEA 
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of young twigs, the female flowers solitaiy and 
hi^er up the twig; male flowers pedicellate, 
with 6 pale green perianth lobes 1.6-2.5 mm 
long nml entirely nmnfite stiimens; female 
flowers sessile, with 6 somewhat larger peri- 
anth lobes, a cup^like disk, and a superior 
3-eelleil e\ ary crowned by 3 sta les, connate for 
more than half of their length and deeply bifid 
at apex. Fruit a depressed globose drupe up to 
4 cm in diameter, pale green changing to yel- 
low when mnlure: stone with slii;htly dehis- 
cent compartments, each usually containing 2 
seeds. Seeds trigonous, 4-5 nun ^ 2—3 mm. 
Phyllaiitlitis is a large genus cxjmprising about 
750 species in tropical and subtropical regions, 
with about 160 species in tropical Africa and 
about 60 in Madagascar. The feathers leafy 
and deciduous branchlets of se\ eral I'liyllun- 
tluia 8pp. mcluding I'hyllanlhus einbliva, re- 
semble pinnate leaves, for instance those of 
Parhifi sp(^ries. 

£cology In its natural distribution area 
I^yllanUuia einbUca is a light-demanding spe- 
cies, ofitoi common in grassy areas, brush and 
village groves. It is photosensitive, only produc- 
ing flowers at a daylength between 11! and 13.5 
hours. It occurs from almost sea-level up to 
1600 m altitude. The trpf is sliphtly tol(>rant of 
alkahne soils and rather drought resistant, but 
some cuhivars are sensitive to drought and 
frost. It is fire-resistant and is one of the first 
trees to rorovor after a fire 'I hc tree is rather 
slow -growing. It usually starts bearing fruits 
when at least 8 years old, but sometimes trees 
start producins,' fruits when "j-fi years old. In 
many areas, fuli-gruwn trees are rare as a re- 
sult of slow growth and exploitation. 

Management In the past, propagation of 
Phyllaiithii.i einhlira was usually by seed. For 
extensive production and selection, vegetative 
propagation is necessary. A high peromtage of 
rooting (84%) has been reported from 
semi-hard wood cuttings collected from the 
middle portions of vigorous shoots of young 
trees and planted in beds at a temperature of 
about 33°^'. Buddini' .-md softuoud Krafting 
may also give good lesulis. In the early stages 
of growth, copious watering in the dry season 
and weeding are necessarj". The tree roppiees 
well and pollards moderately well. Coppiced 
shoots grow particularly vigorously, and cop- 
picing is considered the system most suitable 
for the production and collection of tanbarU on 
a commercial scale. L'sually plantations need 
mudi weeding because the thin crowns do not 
form a dosed canopy. A dieback disease ia 



cau.sed by Botryodiplodia theobromae, and 
seedlings are susceptible to a root -rot disease 
cau.sed by RhizocUmia aolani. Trees may be 
affei teii bv l usts such as a leaf rust caused by 
Phakopsura phyllanthi and a ring rust caused 
by R<wenelia embliette. Baric-eating caterpillars 
(IiKliiihf'Ift spp.) damage trees. The fruits are 
susceptible to rot diseases as a result of ml'ec- 
tion by PenietUium spp., Ghmerella emgulata, 
Phoinn piitatninum mdAtpergilhi.t nigcr. 
The fruiting season is exceptionally long since 
the ripe fruits may be retamed for several 
months on the tree without significant loss of 
quality. Because of this, a \onu piTHul is avail- 
able for picking the fruits for consumption. The 
average annual yield of wild trees in fridia is 
about 15 kg of fruit (<ei' tree. Some cultivars 
may yield over 2r, kg. Fresh fruits are not |ial- 
alable because of their astringent and sour 
taste. The astringency can be removed by 
steeping the fruit. s in brine for a few days. 
Fruits are often preserved by splitting, remov- 
ing the stone, putting the segments into a solu- 
tion of 42% glycerol. 42% sucrose, water and 
preservatives then heating to 90'C for 3 min- 
utes. The fruits are allowed to equilibrate in 
the solution for two days at 2*C, then they are 
drained ant! packed into contain<>r8. Fruits 
preserved m this way remam acceptable for 
about 2 months at room temperature, and 
much longer when 11 but the ascorbic acid 
content drops slowly. .\j;i!-ket ability of fresh 
fruits is improved by a combmed treatment 
with wax emulsion and 10 mg/1 morphactin. 
This delays brownnit; aiid n'dun's (he infection 
rate from Aapvri^illii s and I'enicilliuin species. 
For medicinal i)ui poses, fruits are simply 
dried. For use in tanning, the fruits should be 
harvested unripe. The stone of imripe frints 
should be removed and the remamuig flesh 
dried and ground to prepare a tanning mate- 
rial. 

The bark of shoots less than 5 cm in diameter 
is used to obtain a good tannin. Usually 

branches can be coppiced every 2 years. 
Quickiy-dned bark contains much more tannin 
than slowly-dried bark. Therefore it has been 
recommended to dry the baric rapidly in the 

sun. 

Genetic resources and breeding PhylUm- 
tku9 embliea is widespread and does not seem 

to be in danger of genetic erosion. In India fruit 
tree cultivars ha\-e been developed, e.g. Bana- 
rasi, Chakla , Desi , Francis', Kanchan and 
'Krishna'. 

Prospeoto Phjfilantkua embliea deserves 
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morp attention and is possibly also of interest 
for tropical Africa. It has interestmg aspects as 
a tannm and dye-yielduit; species because it 
could be a regular supplier of tanning and d,\ i'- 
ing material by coppicing the tree or han^est- 
ing young fruits. Trees are not killed at harvest 
as is so often the case with species yielding 
tanbark. PhylUuUfiua emblica is not easy to 
cultivate on a large scale. It is rather 

slow>growing and needs much weeding. New 
experiments to disc<)V<T better methods of culti- 
vation might be worthwhile. Selection tor large 
edible fruits is normally not compatible with 
selection for fruits with high tannin content, 
but combined selection for tanning and medici- 
nal purposes seems to he possible. Phyllanthua 
emblica In- it therapeutic potential. 

Major references '^;dixto et al.. 1998; van 
llollhoon, 1999; van Schaik-van Banning, 1991. 

Other referenoea Gurib-Fakim, Gu^ho & 
Rissoondnynl 1 fMK!; Leandri, 195«: Rajak et al., 
2004; Suryanarayana et al., 2004. 

Sources of illustration van Schaik-van Ban- 
ning. 1991. 

Authors P (\M. Jansen 
Based on PRUSEA 3: Dye and tannin-pruduong 
plants and PROSEA 12(1): Medicinal and poison- 
ouB plants 1. 

PSILANTHUS EBBACTTIOLATUS Hiern 

Protologue Ohv., Fl. trop. Afi-. 3; 186 (1877). 
Family Rubiaoeae 

Chromosome nimiber '2ii - 22 
Synonyms Coffea ebmcliolata (iiiem) Brenau 
(1953). 

Origin and geographic distribution Psilan- 
thus cbracliolaiua is distributed from Guinea to 

Cameroon. 

Uses Ground fruits and seeds of PsUanthus 

rhvnrtinlalii a are used in (Ihann to make black 
tattoos. Toothbrushes are made from the wood. 
Roasted fruits smell distinctly of coffee and are 
used as a substitute. In Cote dlvoire the leaves 

are used medicinally against Guinea worm. A 
soft paste made from the leaves, with garlic 
and lemcm, is applied to the puncture marks on 

the skin caused by the worms which after a 
few days are killed and can be gradually re- 
moved. 

Botany Kh n'l i i small tree up to 6 m tall, 
with slender luanrhes, glabrous. Leaves oppo- 
site, simple and entire; stipules small, connate 
or sheathing; petiole up to 2 mm long; blade 
elliptical, up to 10 cm x 6 cm, base cuneate, 



apex acuminate, glossj', lateral veins in 3—4 
pairs, looping. Flowers solitarj'. terminal, bi- 
sexual, regular, o-merous, c. 2.5 cm long, fra- 
grant during the night sessile: caly.x shallowly 
cup-shaped, truncate; corolla white, tubular, 
tube slightly longer than lobes; stamens with 
short filaments, anthers completely included in 
corolla tube; ovary inferior, 2-ceUed, style 2-fid, 
remaining within corolla tube. Fruit an obovoid 
to ellipsoid drupe c. 12 mm in diameter, dis- 
tinctly 2-Iobrd containing 2 leatherj", 1-seeded 
pyrenes, black when dry. Seeds grooved on 
inner surface, smooth. 

Psi'lciiitlius comiuisfs iilxnit 20 siiecies. con- 
fined to the Old World tropics. The taxonomic 
position of Pailanthus has not yet been firmly 
established: it is sometimes considered to be 
part of Coffea from which it differs hy its co- 
rolla tube, which is lunger than the lubes and 
by its anthers and style, which are not ex- 
sorted. 

Ekiology Pailanlhus ebractiolatus is found in 
dosed forest, in humid as well as semi-dry for- 
est, at low altitudes. 

Genetic resources and breeding Psilau- 
Ihua ebiacliulutua is widespread and dues nut 
seem to he in danger of genetic erosion. For 
purposf^s of coffee brooding in hj'bridizal ion 
eiqperiments using tetraploidized accessions of 
Pailanthua ebraetiolatua some fertile hybrids 
were obtained in crosses with Coffea arxAiea L. 

(2/; = I I). 

i'rospects PsUciiitlius ebractiolatus as 
source of a dye will remain only very locally of 
sdtne importiinco. Its medicinal pmpfrtios need 
further mvestigation. Its sin i t -;siul h\lindiza- 
tion with Coffea arabica oj . n up new pros- 
pects in coffee breeding. 

Major references iU>biw, 1990; Burkill, 1997; 
Irvme, 1961. 

Otbmt refbrenees Bridaon, 1987; Couturon, 
Lashermes & Charrirr, in;i8: Tloppor & Keay, 
1963; Hiem, 1877; Kerharo & Bouquet, 1950. 

Autliors P.C.M. Jansen 



P.SVCHOTK1A PSVCliOTR101DE.S (DC.) Roberty 

Protologue Bull Inst. Fran(. Afrique Noire, 
ser. A , 16: 62 (1954). 
Family Rubiaoeae 

SymmyMnKChtunUMptyf^otriouhaDC (IK 
Vernacular namas Aziw> cafe marron ( 1° r). 
Origin and geognpldb distribution Psy- 
ehotria payehotrimdea is distributed from Sene- 
gal east to Sudan, and south to Gabon and DR 
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Congo. 

Uses The bark of Psychoiria psychotrioidea 
jnelds a red dye which is used to dye textiles, 
e.g. in Sicrni Leone. In Senegal early symptoms 
of eye troubles are treated with a decoction of 
the bark in a steam bath, whereby a ^eet oov- 
eis till" head of the patient and the container 
with the steaming liquid. To combat headache 
and depressions a leaf maceration is rubbed on 
the forehead or the sap is drunk. The root or 
whole jilnnt yields a widely used e;^ectorant 
medicme for asthma and bronchitis. 

Properties The chemical nature of the red 
dye has not been studied Wliatever the chemi- 
cal composition of the red dye is, the dye poten- 
tial of Ptyeftof ru> psychotrioidea is optimized by 
the mordanting effect of the high concentration 
aluminium present in the leaves. Aluminium 
aocumululiun m leaves seems to be a chemo- 
taxonomic diaracteristic of Paychotria. Alumin- 

iiim snlts .irr th<' main mordants used to 
strengthen and multiply the chemical bonds 
between textile fibres and most natural dyes. 

Botany Shrub up to 0 m tall with rounded, 
glabrous branches; bark pale l)i-own. v. 3 mm 
thick. Leaves opposite, simple and entire, gla- 
brous; stipules oblongKivate, 7—15 mm long, not 

persistent; petiole 1— (5 cm lonsj: blade elliptical 
ovate, obuvaie or linear, 5-30 cm x 1— IS cm, 
base rounded to cuneate, apex acute to 
rounded, lateral veins in 5-12 pairs. Inflores- 
cence a sessile head 1-1..T cm in diameter, 
densely clustered, subtended by 2 circular, 
deciduous bracts c. 1 cm in diameter. Flowers 
bisexual, regular. 5-6-merous heteiostylous 
sweet smelling, sessile; calyx campanulate, 3-5 
mm long, irregularly incised; corolla tubular, 
tube fi-10 mm long, lobes up to 3 nun long, 
white; stamens in long-styled flowers up to 1 
mm long, in short-styled ones up to 3 mm; disk 
rounded; ovaiy inferior, 2-oelled, glabrous, style 
up to 5 mm 1onp in short -styled flowers up to 8 
mm in iong-styled ones, stigmas 2, up to 1.5 mm 
long. Fruit a globose to ellipsoid drupe, 8-13 
mm ' mm, red, strongly ribbed, with per- 
sistent calyx at apex, containing 2 pyrenes 
I'sycliotna is a very large and insufficiently 
known genus comprising about 600 species 
distributed pantropirnlly. About 200 species 
are present in tropical Africa. The genus is 
classified in subfamily Rubioideae, tribe Pay' 
ehotrieae and it is subdivided in various sub- 
genera and sections, but this classification has 
not yet stabilized. Paychotria paychotrioides is 
easily recognized by its sessile head-like inflo- 
rescences subtended by large bracts when 



young; the leaves are very variable. 
In the literature the following African Pay- 
choiria species have also been reported as 
yielding a red d>e m the hark and sometimes 
also leaves, which is used to dye te.\tiles: 

- Paychotria bidmtttta (Thunb. ex Roem. & 
Schult.) llienr shrub up to P> m tall; leaves 
elUptical, 7-19 cm x 2-8 cm; mflorescence 
head-like, peduncle up to 1 1 cm long; flowers 
white, 5-merou8, heterostylous; calyx tube 
less than 1.5 mm long lobes less than 1 mm 
long. It occurs m forests from Senegal to Be- 
nin. In Sierra Leone a root decoction is given 
to babies with stomach-ache, 

- Psychotria reptaiia Benth. (synonym: Pay- 
chotria atrietistipula Scfanell): small shrub 
up to 60 cm tall; leaves elliptical, 5-16 cm x 
l..'}-6 cm: infloresrcncf paniculate, petluncle 
up to 6 cm long; llowers w hite, o-memus; calyx 
tube 1—1.5 mm Vxag, kbes shorter; fruito white. 
Tt onm s in forests fijom Guinea to Ghana. 

- Payclwlria mfipiUa De Wild.: shrub up to 1.5 
m tall; leaves obovate to elliptical, 4-20 cm x 
1.5-8 cm. veins hairy; inflorescence panicu- 
late or head-like, peduncle up to 5 cm long; 
flowers white, sessile or pedicellate, 6- 
merous, heterostylous; caljrx tube 1.5-2 mm 
long lobes 1-2 mm long. It occurs in savanna 
and gallery forest from Guinea to Cote 
d'lvoire. In Liberia an astringent drink or 
liquor is made from the bark (sometimes 
leaves added) and piven to diildren wiHi 
peeling skin and dianhoea. 

Ecology Paychotria payehotrieidea is found 
in closed and fringing forest and in savanna 
woodland, from sea-level up to 120U m altitude. 

Genetle reaouzoea and breeding I'sychotria 
paychotrioides is very widespread and common 
in Nfri< ri and is not in danger of genetic erosion 

Prospecte As sources of a red dye, the bark 
and leaves of Psyehotria payehotrioidea and 
several other Psychotria .species may remain of 
minor importance locally but with the present 
emergence of worldwide interest in natural 
dyes as renewable sources of non-polluting 
colorants, the combination in the same plant of 
a red dye and a mordant makes Psycliolria 
payehotriwdea a potentially interesting source 
of red colorants. Its chemical l omposition and 
medicinal properties need further research. 

M^jor references Buridll, 1997; Petit, 1964. 

Other references Hepper & Keay. 1963; 
Hiern, 1877; Irvine, 19G1; Janscn et al., 2000; 
Kerharo & Adam, 1971; Neuwinger, 2000; 
PharmaPro, 1997-2002. 

Anthors P.C.M. Jansen 
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PTEROCABPUS ANGOLENSIS DC. 

Protologue Prodr. 2: 419 (1825). 

Family P;i[iilionaceae ^jeguminosae - Papil- 
lonoideae, Fabaceae) 

Syiumyiaa Pteroearpiu buaaei Harms (1902). 

Vernacular names African bloodwood. 
mukwa, kiaat. muninga (£n). Ambila, umbila, 
njila sonde (Po). Mninga. mdamudamu, mtum- 
ba(i (S\v). 

Origin and geographic distribution Plero- 
carpus augolensia is widespread in southern 
tropical Africa, from Angola, DR Congo and 
Tanzania sdutli tn north-t-astern South Africa 
and Swaziland. It has been planted on a small 
scale in Kenya. 

Uses In southern Africa Pterocarpua ango- 
h'tisis is one of the most generMlly used and 
must valuable limber trees. The wuud is used 
for construction, carpentry, furniture manufac- 

tiitT' (tables, chairs, benches), pnrquet floorinp 
and veneer, and in South Africa and Namibia 
particularly for wood carving (bowls, spoons 
and waUdng sticks). Due to its flexibility, resis- 
tance and light weight it is also useful for 
boats, doors and wmduws. It is occasionally 
used for firewood. 

The henrtwood oflhe i-ool s |)oiind(>d (o ])o\vfler. 
yields a last brownish red dye which is used in 
the cottage industry in Namibia and Zim- 
babwe, mainly to dye palm-leaf fibres for bas- 
ket wefiving The powder is also mixed with oil 
or fat to make a cosmetic pomade, which had 
great cultural importance and still has to a 
Ics-^i r extent in Namibia (Ovambo people), 
Zambia (Ndeinliu people) and Angola. It is tra- 
ditionally applied to all exposed portions of the 
body, including hair, face, breasts, arms and 
legs Tt is also u.sed to dye leather clothing 
(skirts or aprons of cowhide or tanned cow 
stomadi), which is the traditional latin of doth- 

in<: for men and wcimon alike and it still has 
cosmetic, medicmal and symbolic importance. 
The inner bark and heartwood of the trunk and 
branches are also said to be used by some peo- 
ple to obtain dye. 

The mner bark is fibrous and is used in bas- 
ketiy. In traditional medicine the bark with its 
blood-red, LTnmniy, resinous exudate (false 
dragon s blood or kino ) is used as a powerful 
astringent, e.g. to treat diarrhoea, heavy men- 
struatiiin, nose bleeding; headache, stomach- 
ache schistosomiasis, sores and skin problems. 
The root is believed to cure malaria, blackwa- 
ter fever and gonorrhoea. The seed ash is ap- 
plied as a dressing on wounds and psoriasis in 




Plerocarpua euigoleiiais - wild 

South Africa. Leafy twigs are used as fodder 

and flowering trees an' an important source of 
honey. Pterocarpua angolenaia is nitrogen fix- 
ing and planted for soil conservation, dune 
fixation, live fencing and as an ornamental 
casting a light shade and with attractive fruits. 
The bark has been used as fish poison. 
Production and international trade In 

sdulhcrn .\fric-a Ptrrncfiipiis an "nfriiMis is the 
most widely used timber tree. Production and 
demand are buge although statistics are hardly 
available. In 15)i)() about 5500 m' was exported 
from ("nbo Delgado Province in Mozambique, 
and the annual export from Zambia is at least 
6000 rrfi. Most of the timber is exported to 
China and Thailand. The e.Kjuirt pnct' nt" sujh'- 
rior quality sawn Pterocarpua angoLensis wood 
from Zambia is US$ 676/m* At the beginning 
of the 19908, the annual export of timber from 
South .Africa was estimated at I '.S,'^ lioO ()00- at 
present it may fetch prices of over L SS 7U0/m^ 
The price of one kg <^ wood used for carving in 
South Africa is US( I, but after carving it av- 
erages US$ 7. 

Bark, di^is and sawdust for dye production are 

available in considerable amounts as by-prudiicts 
of the timber. Tn rural areas many famihes 
largely depend on the income generated from 
the small-scale woodcraft, furniture and bas- 
ket ry industries which thus support the poor- 
est sectors of communities. In some regions, 
e.g. north-eastern South Africa, tableware and 
utensils made of Pterocarpua angolenaia wood 
are common items in tourist maikets and 
shops. 

Properties Pterocarpua angolensia wood is a 
relatively light hardwood The heartwood is 
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pale to dark brown or reddish brown, often 
with streaks, and distinctly demarcated from 
the pale gr^ or pale yellow sapwood. In Tan- 
z.inin it was estimHlfd that thf poici-ntage of 
heart wood is about 70% for a bole of 30 cm in 
diameter and about 80% for one of 50 cm in 
diameter. The densi1,\ is 100-700 kt^/in ' at 12% 
moisture content. The gram is straight to inter- 
lodced, texture medium to coarse. At 12% mois- 
ture content, the modulus of rupture is 94 
N/mm- modulus of elasticity 8400 \/nim-' 
compression parallel to grain 57 N/mm-, Janka 
side hardness 6585 N and Janka end hardness 
5380 X 

The shrmkage rates of the wood are low, &om 
green to 12% moisture content 1.0% radial and 

1.5-1.6% tangential. The wood dries well but 
slowly, without warpini; and with little or no 
tendency to check or split. It lakes oU-OU days 
to air dry 26 mm thick boards from 70% to 12% 
moisturo content, and 15-20 days by kiln dn- 
ing. Once dry^ it is very stable. It works well 
with hand and madiine tools, only moderately 
blunting cutters: straight-grained material 
planes and finishes w ell The liending proper- 
ties are moderate. The wood is easy to peel and 
slice, and has good gluing and excellent turn- 
ing and carving propfM'ties. The dry sawdust 
may cause irritation to nose and bronchia. The 
heartwood is moderately durable; it is moder- 
ately resist, n lermites and marine borers. 
The sapwoo.l is liable to powdor-post bretle 
attack. The heartwood is resistant to presen'a- 
tive treatment, the sapwood moderately resis- 
tant, .\ defect reportcil frequently is a mottling 
of the timber with irregular w hite spots up to 5 
mm in width, caused by an organic component 

which accumulates locally Tlie spotS pmetTSte 

deeply into the wood and are obvious especially 

in veneers. 

Recent analyses of samples of Pteroearpua on- 

goletisis hearfwoofl have failed tn detect any of 
the red biUavonoids such as santalins and san- 
tarubins, which are diaracteristic of commer- 
cial 'insolubli II iKvoods' &om other Pteroear- 
pus species ]Ii>\M>\er ixtiflaN'onoids are pre- 
sent, including prunelin, muningin, teclori- 
genin 7-methylether, pseudobaptigenin and 
angolensin nccnuntinp for the brownish colour 
of the dye, but elucidation of the exact dye 
composition needs further researdi. The dried 
exudate odlected from the bark contains about 
75% taimin, mainly composed of kinotannic 
acid. 

Root extracts are lethal to adult schistosomes 
causing bilharzia and are comparable to 



praziquantel, an efficacious antisdiistosomal 

drug. 

Adulterations and substitutes The wood 

of Ptcrocarpiis aitgulensis which is pn|iular 
because of its streaked appearance and supe- 
rior carving properties, is replaced in regions 
where it has become scarce bj- that of other 
mdigenuus species and occasionally of planted 
exotic species. However, there are a few alter- 
nalives. e.g. Afzclia <iii(inzfii.sis WvUv. and 
BnirJiyl'ifiiii Jiiiilh'ii.si.s (XHoffm., which are 
commonly used for carving in Zimbabwe and 
Kenya, respectively, and the planted Azadi- 

fdrjild itif/icil A -luss, 

Description Deciduous medium-sized tree 
up to 25(-35) m tall; bole straight, up to 50(- 
100) cm in diameter; bark c. 1.5 cm thick, 
rough and cracked into more or less rectangu- 
lar blocks when old, grey to brown, exudmg a 
red resinous sap on slashing; crown open, 
spreading fint twigs thinly to densely brown 
or silver-grey haii>', gradually becoming gla- 
brous. Leaves alternate, imparipuinately com- 
pound with (9-) 11-25 leaflets, drooping; stip- 
ules lanceolate to elliptical up to 2 cm long, 
falling off early; petiole cm long, rachis 1 1— 




Pterocarpus angoleiisia - 1, tree habit; 2, part of 

flowering twig; 3, fruiting twig. 

Redrawn, and adapts by lakak Syammidui 
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35 cm long, densely hairj'; leaflets alternate to 
nearly opposite, broadly lanceolate to elliptical- 
oblong or elliptical-obovate, 3.5-10 cm x 2.5- 
n " cm. hMrii- rnumk><l to sliyhtly (-(trdate. apex 
acummate, hairy on both sides when young, 
with 10-14 pairs of fine lateral veins. Inflores* 
cence an axillary rao nio n-12 cm long, often 
developing before the new leaves, densely 
hairy; bracts elliptical-oblong, up to 9 mm long, 
caducous. Flowers bisexual, p.-iiJilninMcrous, 
frnsjrant: pedicel 5-20 mm long, iiin>i ly hairj*: 
calyx campanulate, c. i cm long, shortlj- 5- 
lobed with 2 upper lobee connate; corolla up to 
2 em long. guMeii-yellow to orantje. standard 
almost circular with crimped margin and claw, 
wings broad, nearly as long as the standard, 
clawed, keel smaller, clawed; stamens 10, con- 
nate but sometimes 1 stamen partly or com- 
pletely free; ovary superior, 1 -celled, stalked, 
hairy, style slightly curved, stigma terminal, 
small. Fruit an almost rirrvilnr indehisccnt pod 
(6-)9-12(-16) cm in diameter, c. 2.5 cm thick, 
on a stalk up to 2.6 cm long and with an up to 3 
cm broad undulate almost circular wing, pu- 
bescent and with a mass of plumose bristles up 
to 13 mm long over the central thickened part, 
green at first, yellow-brown when mature, 1(— 

2)-seeded. Seed asymmet ricnl, lf)-2() mm X 7--8 
mm X 4-5 mm smooth, red-brown, hard. Seed- 
ling with epigeal germination. 

Other botanical information Ptcrocarpus 
is a pantropiral genus belonging to the tribe 
Dalbergieae, compnsmg 21 species of which 12 
occur in AMca, 6 in America and 5 in A«a. 
Sr\ ( Asiatic and African species were im- 
portant commercial sources of red dyes, but 
most species are now much more valuable for 
timber. 

Anatomy Wooii-.n-ininmictd description: 

— Macroscopic charaet t rs: 

Heartwood pale to daric brown or reddish 
brown, often with streaks distinctly demar- 
cated from the pale grey or pale yellow sap- 
wood. Grain straight to interlodced. Texture 
medium to coarse. 

— Microscopic characters: 

Growth rings usually distinct. Vessels dif- 
fuse, 1— 2/mm^, in radial multiples of 2-3, 
mean tangential diameter ll.^-o(lf) um; per- 
forations simple; mtervessel pits alternate, 
8-13 |un in diameter, vestured: vessel-ray 
pits similar to intervessel pii^ lut souk - 
time.s with apparently simple borders helical 
thickenmgs absent, orange-brown deposits in 
heartwood vessels present. Fibres 1050-1650 
|un long, non-septate, medium-thick walled. 



.Vxial parenchyma banded, apotracheal and 
paratracheal; apotracheal parenchyma dif- 
fuse-in-aggregates, paratracheal paren- 
chyma alifixm .'md confluent. Rays 12- 
17/mm, multisenate, 1-2 cells wide, up to 
500 |im high, homooellular, with procumbent 
cells. Prismatic crystals present in cham- 
bered axial parenchyma cells. Vessel ele- 
ments, fibres, axial parenchyma strands and 
raya distinctly storied. 

Growth and development .Mtbougb Plern- 
carpus an^olensis can produce ample seed (up 
to 10,000 fruits/ha are recorded), germination 
is poor. Under natural conditions only 2% of 
the seed germinates and half of the seedlings 
produced die in Hxe first year. After germina- 
tion the seedling rapidly develops several 
shoots and a strong taproot, which may reach 
to a depth of 1 m in the first year. The shoots 
readi about 16 cm length in the first jrear and 

often die back in the diy season. The plants 
enter a suffrutex stage, in which the root ex- 
pands in size and lateral roots develop in the 
top 50 cm of the soil, while shoots usually die 
back to below ground level in the dry season. 
New shoots develop m the rainy season. This 
stage may last for 10 years (sometimes up to 26 

yi'.irsi until lh<^ root has sufricienlly <l(>\i'lo])cd 
to allow the above-ground part of the saplmg to 
survive the dry season. Many seedlings do not 
survive the su£Frutex stage because of drought, 
burning nutrient deficiencies (particularly 
boron) and damage by browsmg animals. Ini- 
tial shoot growth of saplings forms a zigzag 
pattern because of the yearly dieback of t lie top 
10 cm. After the suffrutex stage, the growth is 
fast, up to over 2 m in one year, and the tree 
rapidly reaches a height where it cannot be 
reached by most browsing animals Compared 
to other trees the saplmgs with a thick corky 
bark are extremely fire resistant, som^imes 
sun'iving temperatures of u]> Ui I.'O"!" nnd 
fires contribute to pruning side branches and 
multiple stems. During the first decade follow- 
ing the suffiutex stage, height rather than 
diameter increases, while in the 2nd decade 
the diameter increases more rapidly. Trees 
start flowering when they have a permanent 

stem of lii-2() years old, but full development 
of fruits usually onlj' starts when trees are 
about 35 years old. The ripe firuit wei^is 5—10 
g, but bei ;iuse of the large wing wind transport 
is possible, usually up to 30 m from the mother 
tree. The spiny centre of the fruit also favours 
disperaal by animals. T%s phenology is tightly 
synchronized with the seasonality of the rain- 
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fall and flowertng starts at tho bpginninR of the 
rainy season. In general flowering and leaf 
flush occiu- from (August-) September to No- 
vember (-Dei-emlter). fruits ripen from •Tanufiry 
to April and may remain on the tree until far 
into the next flowering season, leaves are shed 
in May-June. Flowcriiin is short usually only 
2^ weeks, and pollination is by insects (e.g. 
honey bees). Fruit development takes about 4— 
5 months. Trees growing on good sites in full 
light live for up to 100 ynnrs by which ago they 
are about 20 m tall, with a ci-own diameter of 
10-12 m and a bole diameter of 50-60 cm; bark 
thickness is 1,5-2 cm and sapwood 5 cm thick. 
Bole length will depend largely on the life his- 
toiy of the tree, but is favoured if the stand has 
been burned since the tree was about 6 years 
old and if i>ruiuiii,' i< carrit'd out. The annual 
diameter increment of the bole was estimated 
6.5-8.6 mm in Tanzania. In Mozambique it 
was ostimatod that a troo of .'iO rm in bolo di- 
ameter has a mean timber volume of 1.9 m^ 
and 5.3 m' for 80 cm diameter. 

Ecology Pterocarpus aiigolenais is typically 
found in so-called miombo woodland with 
Bmcltyslegiu and other deciduous trees, in 
wooded grassland and savanna, from sea-level 

uj) to ir;r,f)(-18{)()) m altitude. It requires well- 
drained, medium to light soils of low to moder- 
ate fertility and pH 6.6-7. In Tanzania it oc- 
curs preferentially in moister Imalitics in 
wooded grassland of the coastal [ilnins. It pre- 
fers a climate with well-defined wet and diy 
seasons, with an average annual rainfall of 
500-1500 mm and average temperatures of 
16-32''C. It is not resistant to frost, although 
older trees survive very light frosts. It is a pio- 
neer species in disturbed and Open sites, re- 
quiring full sun. Rainfall is more iinporinnt 
than a permanent subterranean water supply 
and under conditions of exceptional conqieti- 
tion for ephemeral water resources the tree 
does not survive. 

Propagation and planting Pterocarpus 
angoletnsi.'i can be propagated by seed and by 
cuttings. A tiee jiroduces on average annually 
100-400 fruus and there are 3400-4000(-o000) 
seeds per kg. At moisture contents of 4-6% 
seeds can be stored cold for at least W years. 
Collection of seed for the purpose of raising 
plants in a nursery is difficult because it is 
difficult to opoi the pods without damaging the 
seed and becnuse many pods are empty (about 
50% of young seed aborts). I'ods can be opened 
manually with secateurs, which is however 
time consuming. Damaged seed usually fails to 



germinate, but mycorrhizal associations also 
influence germination. Yearly dieback, a long 
sufiGrutex stage and damage to the root system 
when transplanting are other nursery ])rol>- 
lems that ai-e difficult to solve. Therefore, it is 
easier to start Pterocarpus angolmsia planta- 
tions at natural sites where plants in the suf- 
f rut ex stage are already present and fill in 
gaps by planting suf&utex plants collected 
from nearby vegetation. These should be taken 
with as large a taproot as is pnssib]<' while Lit- 
eral roots can be lightly trimmed. Light is verj- 
important for good growth, so planting distance 
of trees should at least be 5 m x 5 m, but ulti- 
mately the number of trees will be 25-100/ha, 
largely depending on crown and root competi- 
tion. Cuttings (e.g. 2 m long and at least 2 cm 
in diameter) can be planted at the beginning of 
the rainy season but success rates vary from 0— 
30%. Planting of truncheons 10 cm in diameter 
into 1 m deep plant holes with some conr.sp 
river sand at the bottom has also been recom- 
mended. 

Bfanagement Once trees are estabhslnd not 
much care is needed Management can be re- 
stricted to taking care that each mdividual tree 
gets enough light. Protection against damage 

by will! animals and bush fin>s cin enhance 
growth, although Pleroearpua angoleusia is one 
of the most fire-resistant trees of miombo 
woodland. In western Tanzania recruitment of 
new trees in selectively logged areas was found 
to be poor. The density Pleroearpua angoleii' 
sis was higher near the main road than at 
some distance, which may be explained liy re- 
duced damage by wild grazers and lighter bush 
fires in the more open vegetation near the 
road. After felling most tn i > lo not resprout 
from the stump because they h.ive a poor cop- 
picing ability. In practice rotation periods varj' 
from 40-75 years. 

Diseases and pests Periodically. Plrmrar- 
pua aiigolenais tree populations suffer from 
'mukwa' diebadc, a badly understood tree- 
killing fungal disease which blodcs up the xy- 
lem. In Zambia, for example, an outbreak of 
the disease killed 40% of the trees. Fire dam- 
age can result in fungal (e.g. ArmiUaria mdUd^ 
and borer attack of the heartwood. .\ large 
number of wUd animals can cause damage to 
Pterocarpus angolensis by browsing, bark 
stripping, stem breakin>; by rubbing "r uproot- 
ing. Elephants particularly arc destructive, 
and wild pigs are fond of sufCrutex roots. Seeds 
are ciben. attacked by brudiid beetles. 

Harvesting In South Africa trees should 
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have a minimum diameter of 27 cm to be con- 
sidered han'estable as timber. Growing time to 
reach this diameter differs per region; in South 
Afrito it takes on in'orMK'' about 80 years, in 
Zambia and Tanzania possibly 10-75 years. 
The mmimum cutting diameter in Tanzania 
and Zimbabwe is 25 cm 

The kino resin from the bark can be harvested 
by making incisions in the bark and collecting 
the exuding sap. Roots are dug up lo (>xtract 
the dyo. For pxf ractinii the dyo from the hoart- 
wood adult trees should be felled, but this is 
normally only done for use as timber. 

Yield Tiiul t r \ nM data are not available 
and vary largely Irom site to site. In Namibia 
for certain areas annual allowable cut was es- 
timated at 600 m^ per 100 km^. In the miombo 
woodland of Tanzania the sustained annual 
yield of commercial timber of I'leix>curpus an- 
golmsis was estimated at 0.33 m^ per km^. On 

a\ rratir, rerovory from roimdwood to sawn 
wood is about 40%. 

HandUng after harvest Usually trees are 
hand > nt ihe logs rolled to saw pits and sawn 
into boartls, whieh are brought by trueks to 
train depots. For preparmg the dye and cos- 
metic pomade, the heartwood of roots is ground 
Id a powder or paste or chipped veiy finely. To 
make the cosmetic, it is mixed with butter or 
vegetable oil from pounded seeds (e.g. ofSchui' 
ziophyton rauttmeitii (Sdiinz) Radcl.-Sm., Ri' 
ctnus cotumimis L., Srlt^rnraryn hirron (.A.Rirh.) 
Hochst., Ximenia caffra Sond.) and it is often 
perfumed by adding dried and ground Oeimum 

leaves 

In Zimbabwe strips of palm leaves are boiled 
for about 12 hours in a d|ye bath containing hot 
water and I'lrmcarpus angolensia bark. After 

dn inc tbe resulting red-brown fibres arc used 
to obtain coloured designs m basketry weaving. 
The dye obtained by retracting finely diopped 

i-(Mits or wood in alrobol ran be u^f.] tn dye wool 
and cotton various shades of brown to bright 
red. 

Genetic resources Although Plerocttipus 
ait^lciisi.H is widespread in many parts of 
southern Africa, overexploitation endangers 
many populations. It is classified by lUCN in 

the rntepory lower risk' but is rlo.se to qualify- 
ing for vulnerable, in South Africa the tree has 
been protected since 1967 and a special permit 
is needed for cutting. In Tanzania little infras- 
prcific variability has been discovered in Ptero- 
carpus augoiensia. 

Prospects Pterocarpua angolensia is a very 
useful mult^>uxpo8e tree in aouth^n Africa, 



producing multipurpose timber, dyo, forage 
and medicine. Overexploitation endangers 
natural populations in all countries and the 
current hai-vest for timber is unsustainable 
raising serious concerns about the long-term 
viability of this important hardwood species. 
Research for lari;e-scale cultivation is needed, 
especially to improve the germination rate of 
seed, shorten the suffrutex stage of plants and 
accelerate growth of young trees. Sustainable 
manapemenf systems should be developed for 
miombo woodland m which Pterocarpua ango- 
lensis has an important share. The <^e compo- 
sition of the heartwood of this epeoes needs 
further research. More research is also needed 
to determine whether more profit can be made 
from the chips, sawdust and bark as by- 
products of timber exploitation v.^. for the 
production of dye and medicinal products. 
M^Jor references Boaler, 1966; Cardon, 2003; 

Coates Palgrnve, 198.'^; Oilletl ei nl., 1971; Homes 
e Sousa, 1951; Graz, 2001; international Centre 
for Research in Agroforestr>' (1CR\F), undated a; 
Kojo. 1972; Schwailz, Cart) & Banda-Sakala, 
2002: Sun)wiee XowUi & Trajunowicz, 2004. 

Other references Botha, 2005; Biy ant, 1968; 
Chakabva & Mushove, 1993; Chudnoff, 1980; 
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PTEROCARFUS SOTAUXn Taub. 

Protologue Oliv., Hookers Icon. pi. 24; t. 
2369 (1896). 

Family Papilionareae (Leguminosae - Papil- 
ionoideae, Fabaceae) 

Vernacidar names African padauk, African 
padouk. barwood, Afi i ui eoral wood (En). Pa- 
douk d'Afn()iie oadauk d A&ique, bois oorail 
(Fr). Ndimbu, nkula (I'o). 

Origin and geographie diBMbntion Ptero- 
carpiis soyau.u'i oeciirs from south-eastern Ni- 
geria east to eastern DR Congo and south to 
northern Angola. 

Uses The wood of Pterocarptis soyauxii is a 
valuable midlipurpose hardwood. Bernvise of 
its resistance to water it is locally used to make 
canoes and because of its beautifiil reddish 
colour it is favoured for carving and sculptur- 



PTEROCARPUS 131 




Pteroearpua aoyauxU - wild 

ing, fiamiture, cabinets, knife and tool handles, 
traditionni hnir mmhs, wnlking sticks nnti mu- 
sical instnimrnts. The wood has a high reso- 
nance qiniliiy as its damping of vibrationB is 
low and formerly large telegraph slit drums 
and u;ir drums, as well as xylophont's, were 
made Irum it in DR Congo and Clabun. It m 
currently used also for 'Western music^ xylo- 
phones .-ind inrnvi singly fried for th<' h.irk and 
sides of guitars. Because of its high durabihty 
the wood is excellent for construction, carpen- 
tiy, outdoor joinen flooring, staircases, rail- 
way slroprrs and honfs but alsn for veneer 
inlay, billiard tables, toys, jomei^', dowels, 
shuttles, bobbins, spindles, ^porting goods and 
paddles As the wood is resistant In marine 
borers it was used in temperate regions for 
marine constructions such as piers and shiice 
gates. In the Herault mginn in France it was used 
for yenrs in the ennstruction of wnterwheels for 
irrigation. The wood is also used as fuel. 
The heartwood is the source of the so-called 

true harwnnd dye. Tn Afrien nowadays the dye 
is still used to colour red fabrics, fibres and 
clothes, including the tail-like ornaments made 
from raffia fibre in Cameroon ami worn on the 
b.-it k liy w omen of the Bulu people. In DR Conuo. 
m the lormer kmgdom of Kuba, at the conllu- 
enoe of the rivers Kasai and Sankuru, the dyes 

of the famous Kasai velvets' include Plrrncarpiis 
soyauxii reds with a more violet shade, ob- 
tained by combining the red dye with tannin- 
rich plants and a tm >i dant of inm-ridi mud. 
A pomade is made by mixing the red wood 
powder with oil and its use as a body cosmetic 
is widely aj^lied in DR Congo ('ngula'). Hie 
toota can be prepared and used in the same 



way as the heartwood and jield a dye of equal 
or better quality. Pulverized bark, mixed with 
palm oil, is also used as a cosmetic pomade. 
The leaves are eaten as a cooked \'ey:etalile 
The powdei-ed wood, baked with a slice of lime, 
is used in Gabon on wounds and, mixed with 
palm oil. raffia oil or veoetable butter (e.g. from 
seeds of Tieghemelia a/ricaua Pierre), to treat 
skin diseases, ringworm and yaws. Probably 
partly due (o its blood-red colour and the asso- 
ciated symboli.sm. it is also used in ritual cere- 
monies for circumcision, initiation, marriage, 
deliveiy and widowing. The bark contains a 
kino type resin ( dragon's blood ) which is very 
astringent and used to ward off skin parasites 
in ethnoveterinaty medicine. In Gabon, the 
resin is used (usually in combinations with 
parts of other plant species) as an enema to 
treat dysentery and against toothache, gonor- 
rhoea and excessive menstruation. In Congo 
and the Central .Nfrican Rejnihlic a bark di i r„-. 
tion is drunk to treat dysmenorrhoea, uterme 
haemorrhage, dysenterj- and haemorrhoids. A 
pulp obtained by scraping the inner surface of 
the bark is applied us a wet tlressinK against 
inilammations, oedemas, incipient hernia and 
whitlow. Decoctions, draughts or vapour-baths 
nf halves and bark are taken against broncho- 
pulmonary aflections. 

Prodocttkm and iutematioual trade Tn Ga- 
bon Pierocarpus soyauxii is among the Hi most 
important export timbers. In i labon where the 
standing stock was estimated at 15 millions m^ 
in 1999, the minimum diameter limit for ex- 
ploitation is 70 cm. Between 2000 ;,ni! 200.3. 
Gabon exported 120,000 m^ of African padauk 
logs each year, whereas in 1997 the export was 
only 57,000 m^. Cameroon, where the export of 
lops is prohibited, exported G 500 m^ of snwn 
timber in 2003. The domestic use of the timber 
is hig^. In North America Afirican padauk is 
available as lumber and veneer, and prices are 
high. In Europe sawn timber and veneer are 
available on a limited scale only. 
Formerly the heartwood of Pierocarpus soy- 
aiiyt'i was exjiorted in yreal quantities in stan- 
dard blocks as red dyewood from I'ameroon 
and Gabon to Europe and North America and 
used in the wool-cloth and printed cotton in- 
dustries. Because of its colour fastness, it con- 
tinued to be used to dye wool-doth until the 
beginning of the 20^' centurj' in the United 
States, and in England and France (particu- 
larly Elbeuf) to produce brick reds and red- 
browns or to give a ground for greys and blades 
dyed with logwood. As a dye for oott<ai-doth, 
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Plerocarpiis soyauxii with a tin mordant gave 
the traditional red colour of the printed ban- 
danas that were so popular in Eingland in the 
19"" centurj'. The resinous cimsistency of the 
dj'e gave the handkerchiefs added weight, 
characteristic of these items. 

Properties Pti rncarpus soyauxii wood is a 
moderately heavy hardwood. The heartwood in 
bright red when freshly cut, becoming orange- 
red on exposure and darkening to purple- 
hrown, and disftnrtly Homarrnfrd from the 
whitish to brownish yellow sapwood 6-10(-20) 
cm wide. The density is (650-)675-815(-e00) 
kp/m ' ;it 12% moisture content. The grain is 
straight to interlocked, texture coarse. At 12% 
moisture content, the modulus of rupture is 
6.5-128 X/mm- modulus of elasticity 12,065- 
15.870 X/mm- and compression parallel to 
grain 54-64 N/mm-. The shrmkage rates are 
moderately low, from green to oven diy 3.2- 
3. .3% radin] and oO -5 2% tangrntinl. The wood 
dries well but moderately slowly, with little 
risk of distortian. Once diy, it is very stable. It 
is moderately difficult to work. Stellite-tipped 
sawteeth are recommended. The wood takes a 
good finish, but sometimes with some tearing 
of interlocked grain. Slicing does not cause 
problrms and the WOod holds nails and sc rews 
satisfactorily; however, pre-boring for screwing 
is advisable. The gluing properties are good. 
The diy sawdust may cause irritation to skin, 
nnso and bronchia The heart wood is durable 
and also resistant to fungi, Lyclus beetles, ter- 
mites and marine borers; it is moderately diffi- 
cult ti> nnprctliiati' with pn-scrvntives. The 
sapwood IS less durable and moderately diffi- 
cult to impregnate. The heartwood is rich in 
extractive substances by organic solvents. The 
ash, lijjnin and cellulose contents arc moder- 
ate. Pentosane content is veiy low, similar to 
omiferous wood. Silica oontoit is also very low. 
The vibration damping factor of the wood is 
0.004-0.007 at frequoides of 200-500 Hz. The 
wood has little moisture uptake; in giv^ con- 
ditions, its moisture o(mtent is nearly half that 

of standard" woods. 

The heartwood of i'lerucarpua soyatixii con- 
tains the red biflavonoids santalin A, santa- 
rubin .\ and snntarubin B isoflavonoids includ- 
ing pterocarpin, formouonetin and prunetin, 
the isoflavanequinone claussequinone and the 
isoflavanes vestitol and mucronulatol. The low 
damping factor shrinkage coeffieient and mois- 
ture uptake of padauk heartwood appear to be 
linked to its q)ecific composition in extractive 
substances, and sapwood has much higher val- 



ues of these physical properties. 
The wood is also rich in tannins, which con- 
tribute to moi-danting in the dyeing process. In 
the roiour Index barwood is eited as a source of 
natural red No 22. Santalin is a histological 
dye, comparable in use to haematoxylin. In 
combination with an arid Fe or A\ mordant, it 
selectively dyes cell nuclei, elastic tissues and 
striations in voluntary muscle fibres. 
The leaves have a hiph ascorbic- acid content 
even after cooking. The bark of Plerocarpris 
soyatLxii showed antifungal activity against 
some pathogenic fungi. 

Adulterations and substitutes The wood 
of I^erocarpua oauii Craib from southern Nige- 
ria and Cameroon, Pterocaipua tesamannii 
Harms from Equatorial Guinea. Gabon and DR 
Congo, and Pti'tyjearpiis tiiuturiii.s Welw. from 
DR Congo and Angola are also marketed as 
African padauk. The c|ye of PUroearpua aoy- 
aii.\ii may be substituted for by the dye s of 
other insoluble redwoods, tiie best known of 
which are sandalwood {Pterocarpua aanUUinua 
L. from southern India), narrawood (Pterocar- 
pus indifiis Willd fVom the riiilippines and 
Myanmar) and camwood (Bapliiu nilidu Lodd. 
from West Africa). 

Description RvergrcM'n. sometimes ilcriihi- 
ous lai'ge tree up to 55 m tall; bole straight and 
cylindrical, branchless for up to 20(-30) m, up 
to 140(-200) cm in diameter, slightly to promi- 
nently and highly buttressed; bark grey-brown 
to brown, peeling off in thm irregular flalies, 
exuding a red gum abimdantly on dashing; 
crown dome-shaped open: twigs brown hairy 
when young. Leaves alternate, imparipinnately 
compound with 7—17 leaflets: st ipules linear, 
up to 2 cm long, haiiy, falling off early; petiole 
1— 3.B cm long, rachis 3.5— Hi. -"i cm long ilensely 
brown hairy; petiolules 3-5 mm long, shallow Iji- 
furrowed; leaflets alternate to nearly opposite, 
c>bo\ rite to elliptical, 2.5-9 cm ^ l.r>— \ cm, base 
rounded to obtuse, apex usually abruptly' acu- 
minate and mucnmate, leathery, glabrous, 
with closely set. fine and obscure lateral \ cios. 
Infloresc^'nce an axillary or terminal much- 
branched panicle 10—35 cm long, densely 
brown hairy; bracts linear, falling off at anthe- 

sis. Flowers bisexual, papilionaceous; pedicel 
3—19 mm long, hauy; calj'x campanulate, c. 7.5 
mm long, densely hairy, with 5 triangular 
teeth 1—2.5 mm long, upper 2 imne or less con- 
note; corolla with clawed petals bright yellow 
or orange-yellow, standard almost circular up 
to 13 mm X 10 mm, wings up to 12 mm long, 
keel up to 9.S mm long; stamps 10, connate 
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Ptnnrnrpiis snyatixii - 1, base of bole; 2, leaf ; 3, 
inflorescence; 4, fruil. 

Redratm and adapted by hkak Syamsudin 

into a shffith up to 8.5 mm lonp, tho nppor 
stamen sometimes free; ovarj- superior, 1- 
oelled, stalked, white hairy, style up to 4 mm 
Ii>n^' ylnVirDUs stiynia terminal. Fruit ;i ciii'U- 
lar, flattened, indeluscent pod 1 n-i) cm m di- 
ameter, on a stalk up to 1 cm long and with a 
papery, finely veined win<; with wavy or plaitod 
mnrijin finoly hnin,- plossy brown 1 -soorlod. 
Seed liidney-shaped, flat to slightly thickened, 
12-16 mm x 6-7 mm, smooth, red when fresh, 
turning dull brown to blank. 

Other botanical information Pterocarpus 
is a pantropicnl genus belonging to the tribe 
Dalbergieae, eompriBing 21 species of which 12 
occur in Afric-a. (> in .America and 5 in Asia. 
Several ^Aiiialic and Alruran species were im- 
portant commercial sources of red dyes but 
most sporios are now much niorc^ valuable for 
timber. The bark of most species yields a red- 
dish medicinal resin of Idno' type. 
Pterocarpus lesanumnU Harms is often inn- 
fused with Ptrmcarpus soyaii.\ii. It has snnilar 
wood and dye uses and properties, but grows in 
wetter parts of the forest. It can be distin- 
guished by its winged, sickle-shaped to oblong 



fruits 11.5-13.5 cm x -l-o cm. 
Anatomy Wood-anatomical description: 

- Macroscopic diaracters: 

lleMitwofKl iiranffc to hritrht red wuli darker 
streaks when fl-eshly cut, darkenmg to pur- 
ple-brown on exposure, and distinctly de- 
marcated from the whitish to brownish yel- 
low sap wood 6-10(-20) cm wide. Grain 
straight to interlocked. Texture coarse. Wood 
wit h faint aromatic soent when freshly cut. 

- .\|jcrnsc(i|iic cbarricf r^rs: 

Growth rmgs indi.stmct. Vessels diffuse, 1- 
2Anm', in radial multiples of 2-3, mean tan- 
gential diameter 115-300 \im; perforations 
simple; intervessel pits alternate, 8—13 |im in 
diameter, vestured; vesaeUray pits similar to 
intervessel pits, but sometimes with appar- 
ently simple borders: orange-brown deposits 
m heartwood vessels present. Fibres lUli&— 
1660 pm long, medium-thidc walled. Axial 

f)aren<-hyma bnnrled apotracheal and pnra- 
trnchcal; apotracheal parenchyma diffiise-in- 
aggregates, paratradieal parencfajrma ali- 
form and confluent. Rays 12-1 7/mm, exclu- 
sively uniseriate. up to 500 |jm high, homo- 
cellular, wilh procumbent cells. Prismatic 
crystals present in diambered axial paren- 
chyma i-cll- \'i'ssel el(<mfnts, i'il)i-i's axial 
parenchyma strands and rays distmctly sto- 
ried. 

Growth and development In the Lope 

reserve in Gabon the trees flower from Decem- 
ber-Februarj' and the truits, produced in great 
quantity, ripen from January— April. Sometimes 
the tree is deciduous just before flowering The 
winged fruits are dispersed by wind, but also by 
animals. Germination and seedling growth are 
rather fast. In plantaticiv i h • annual increment 
of the wood in Nigeria has been estimated at 40 
m^/ha. In trial plantations of 1.5 ha in Cote 
dlvoire in 1964 and 1968, striplings were trans- 
planted at .spncings nf I m x I m and 5 m x 5 m. 
The first 7 years, annual height growth varied 
between 1.6 m and 2.7 m. The mean annual vol- 
ume growth, including thinnings, was 20-30 
m'lia ()\er a period of 15 years. The average an- 
nual diameter growth of the 150 largest trees per 
ha was 2.5 cm when 17 years old. Pleroearpua 

';',':'if;,\7V fixes ml iTifjcn in itsi-oot nodides. 

Ecology Pterocarpus soyauxii occurs scat- 
tered or in small groups in evergreen and de- 
ciduous forest, from sea-level up to 500 m alti- 
tude. It prefers n moist but well-drained deep 
soil, an average annual rainfall of 1500-1700 
mm and an average annual temperature of 
23»C. 
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Propagation and planting Propagation by 
seed is onsy. The seeds are dried in the sun and 
the wiiiLis .we removed. In Congo germination 
stnrti'd chiys niter sDwing and 'J'2% nf the 
seeds germinated withm 30 days, in a test in 
Nigeria, 86% of the seeds with fruit wall re- 
moved and soaked overnight in water germi- 
nated in 7 days. The germination is hypogeal. 
Planting into the field is done about 40 days 
after sowing and is easy. Propagation by non- 
woody cuttings in normal topsoil gavo 8.3% 
success. Seedling growth showed a greater 
response after inoculation of the soil with fungi 
from the riiizosphere of thf mother tree than 
after inoculatioii with a similar spore number 
of fiingi from a fallow field. 

Management Pterocarpua soycttixii requires 
much hyht for good growth, Stump regrowth is 
wealv and uneconomic lor wood production. 

Harvesting Logs are liable to brittle heart. 

For dyo ( xl r.ii t ii in iirofrrabl\' ri].! ani! hollow 
trees are cut from the forest and the heartwood 
is lumbered out. Often trees are £elled and left 
for 2-3 years lying on the forest floor lu lorr 
taking the heart wo(k1 for dyeing purposes. The 
routs are also harvested lor dye extraction. 
HaudUng after harvest Freshly felled logs 

of Ptcrooiipiis .soyauxii usually do not float in 
water, and consequently cannot be transported 
by river. For dye production the heartwood is 
split into billets and chips which arc dried and 
subsequently poimdi d into powder. .\ little oil 
is added to the pulverized material, which is 
moulded into cakes for stoddng and for local 
sa!<- Ffir dye e.xjiort the heartwood is traded in 
.'Standard blocks or bars (barwood), makmg 
quality c-ontrol easier. 

Since (he colorants present in the wood are 
dififirult to dis.-iolve in water special methods of 
extraction were developed m the dj'eing indus- 
tiy in 19'^ century Europe, boiling the wood for 
1.0-2 hours in n solution of 15° alcohol or in 
water and carbonate of soda (30 g per 100 g of 
fibre to be dyed). This solution was then di- 
luted with water and used as the dye bath. 

Genetic resources Ptrrocarpu.i snyaiixti is 
rather widespread in Central Africa and cur- 
rent exploitation rates do not seem to endanger 

the species. To safeguard genetic variability, 
protection measures of some natural forest 
where Pterocarpus aoyauodi occurs are recom- 
mended. 

Prospects Pirmcnrpiis snyaii.nt is a usefiil 
multipurpose tree from forest areas in Central 
Afirica, producmg good-quality timber, dye, 
vegetables and medicine. Over-exploitation 



endangers natural populations. More research 
is needed on growth requiretnents. Solutions to 
make better use <il md nidiv profit from the 
chips, sawdust and bark as by-i)nidu< ts of the 
timber, e.g. for dj-e-extracts and medicinal ap- 
pUcations, should be encouraged. As it is quite 
a fast growing. nitiDgen fixing and light de- 
niandmt; tree, it might be useful for agrofor- 
estry purposes (e.g. as shadow tree in coffee 
plantations). The fe>nsibi!ity of establishing 
comnv vrial plantations .tIso deserves research. 

Major references BurluU, 1995; Cardon, 
2003; Centre Technique Forestier Tropical, 
1978: Raponda-Walker & Sillans. 19G1: Rojo. 
1972; Surowiec, Nowik & Trajanowicz, 2004; 
International Centre for Research in Agrofor- 
estry (ICKAF) undated b. 

Other references .\mone et al 1077: Ban- 
nerjee & Mukherjee, 1981; Bremaud et al., 
2004; Carrington, 1976; Duke, 1981; Evrard, 
1988; Hnunian et nl., IH.'i I: l\iee-Swierczynska 
et al., 2004; Kouablan & Beligne, 1981; Laine 
et al, 1985; Nzokou & Kamdem, 2003; Okafor, 
Okolo & Ejiofor. 199G: Osho & Ajonina, 1991; 
Oslisly, 1999: Pangou. 1982: Riehter & Dall- 
witz, 2000b; Rojo & Alonzo, 1993; While & 
Abemethy, 1997. 

Sources of illustnitioii Wilks & Issembe, 
2000; Engler, 1910. 

Authors P.C.M. Jauseu 



PTEROLOBIUMSTELLATU.M (Forssk.) Brenun 

Protologue Mem New Yoik Bot Card. 8: 426 

(1954). 

Family Caesa^nniaoeae (Leguminosae — Cae- 
salpinioideae) 
Vernactilar names KantufCa, redwing (En). 

iMutanda (Sw). 
Origin and geographic distribution Pterolo- 

Inunt slrllafti m is widespread in .\fricn, where 
it is found from Sudan and Eritrea southwards 
throughout Central, East and southern Afirica 
to South Africa, but not in Angola, Namibia 
and Botswana It also occurs in Yemen 

Uses In Ethiopia, since historical times, the 
infusion of the pounded bark of Pterolobium 
sl''!l<ihiin has been a major ingredi(>nt for tan- 
ning Morocco leather al the same lime giving it 
a bright red colour. It is already mentioned by 
EJuropean travellers in the 19''" century 'I'ho 
crushed 1( aves also yield a dark red dye for 
leather: ground and boiled in water to which a 
httle oil or butter has been added to help fix 
the colour, they are also used to dye clothes for 
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mourning, for dnrk colours m baskotiy and to 
colour mats made from doum palm {Hyphaene 
thebaiea (L.) Mart.) leaves. Formerly the leaves 
were one of the main ins»redients for mnkint,' 
black mk, based on the chemical reaction of the 
tannins of the plant with iron slag or iron fil- 
mgs from the blacksmith. This ink is water 
resistant and was used by the famous plant 
collector G.W. Schimper around 1840 to write 
the labels of his Ethiopian plants ].,eather is 
dyed blaek by troatniont with a mixture of 
dried leaves and iron filings (iron-oxide) in 
water. 

Ptevolobmm siellatum is also used for fiiewood 
and fodder, and as live £ence and ornamental. 
Because of the sharp, recurved pridcles, 

branches itre used to make rat tr;iiis Pterolo- 
biinn stcllalii in is sometimes phmled to combat 
the weedy cactus (Jpunlia. In tradiliunal medi- 
cine in East Afnca, fresh leaves are chewed or 

a dorortion is drunk 1o treat tubc-rrulosis and 
related respiratory diseases, in Kenya a root 
decoction is used by the Maasai against stom- 
ach-ache. Juice of the roots is swallowed to 
treat snakebites In Malawi a root infusion is 
drunk by women agamst mfertility. 

Properties The leaves ot Pter<^obmm atMa- 
liiiii c-ontain approximately 20% tannin Nei- 
ther the tannins of bark and leaves nur their 
dye content ai)i)ear to have been invesii|{aied 
and characterized. 

Botany ("limlnne or straggling -shnib with 
stems up to lo m long, armed w^ith recurved 
prickles. Leaves alternate, with small, early 
caducous stipules, bipinnately compound with 
5—13 pairs of pinnae; rachis armed with paired 
recurved prickles and often also solitary 
straight ones; leaflets 7-Hi pairs per pinna, 
oblong or rlliptical-oblonp 1-12 mm x 2-.'i mm, 
pubescent to glabrous, intlorescence a dense 
raceme 6-18 cm long, aggregated into exten- 
sive terminal panicles up to 35 cm x 20 cm. 
Flowers bisexual, slightly z>'gomorphic, 5- 
merous, small, sweetly scented, pnle yellow or 
whitish; pedicel 3-6 mm lont,' sepals 2-3 nun 
long, unequal the lower one hood-shaped and 
embracing the others, pale green; petals almost 
equal, oblanoeolateKiblong, c. 3 mm x 1.6 mm, 

pubescent towards base; stamens 10, filaments 
alternately longer and shorter, 4-6 mm long, 
pubescent below; ovar}-^ superior, 1 -celled, style 
gradually enlarged near apex. sti<^ma trans- 
verse. Fruit a brick-rod to scarlet ultimately 
brown, winged pod, with a stalked, 1 -seeded 
basal portion 3-6 cm long and a much pro- 
longed upper suture broadly winged on its 



lower side; wing 2-1.5 cm x 1-1.5 cm. Seed 
ovoid-ellipsoid, c. 11 mm x 6.5 mm, olive-green. 
PteroltAuim belongs to the tribe Caeaalpmieae 
and comprises about 10 species 9 occurring in 
Asia and only a smgle one m Africa. 

Ecology Pterohhium stellab$m is a common 
shrub, forming thickets in m n unis and clear- 
ings of upland dry evergreen forest, Acacia 
woodland and riparian formations, mainly at 
.500-2500 m altitude 

Management The l<TiVPs nro mostly col- 
lected from the wild, but Fleiulobiuin slelloluin 
is also cultivated and then propagated by seed, 
c-uttintis or wildlings. The <eeds germinate bet- 
ter when they are scarified mechanically or 
chemically. They are s^isitive to hi|^ tempera- 
tures, so hot water treat ment before germina- 
tion is not recommended The seeds can be 
easily stored in airtight cuntamers fur mure 
than a year without loss of viability. Hedges of 
Ptpmlnbiiiiii slcflntii m plants are impenetrable 
because of the sharp prickles and can be 
pruned to a desirod height and width. 

Genetic resources and br> c ding Pterolo- 
biiiiii steUatum is widespread and c-ommon in 
many regions, and nut in danger of genetic 
erosion. Germplasm collections are not known 
to exi.st, althou^ some companies offer seeds 
for sale. 

Prospeots Pterolobium stettatum being a 

widespread multipurpose jilant, interesting 
both as ornamental bush and as impenetrable 
live fence, could represent a good renewable 
source of red dye that does not need a mor- 
dant ing process dui' to the associated action of 
tannins. Its medicmal properties are m need of 
investigation. 

Major references Rein et al., \[V.W>: Rrenan, 
1067; ( Jelfand et al , 1986; Roti-Michelozzi, 
1957;Toumerie, 1986. 

Otiher references Beentje, 1994; Getahun, 
1076: Jansen 1981: Kokwaro lOO.'^; Tekotny. 
1998; Thulin, 1989; Vidal & Hul Thol, 1974; 
Wilczeketal., 1952. 

Authors P.C.M. Jansen 



PYRANTHUS TULLEARENSIS (Baill.) Du Puy 
&Labat 

Protologue Kew Bull. 60: 81-82 (1996). 
Family PapiUonaceae (Leguminosae • Papil- 

ionoidoae Fabaceae) 

Origin and geographic distribution Fyraii- 
thus tuUearenns is an endemic of south- 
western Madagascar and is confined to the 
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Isalo Massif and the upper Onilahy River val- 
ley. 

Uses The bark of Pyranihus tuUeareiisis is 
mjidf info ;i yellow |))istc itv powder, uaed by 
Bara women as a skm cosmetic. 

Botany Shrub or small tree up to 4 m tall, 
with trunk up to 10 nn in diameter: young 
twigs denselj' yellow-white pubescent, turning 
black-grey. Leaves alternate, impanpmnateiy 
c onii)()und with 1 l-l!.") lenflets; stipules slender; 
Ir.i lifts ohlong-clliplii-nl 10-2:5 mm x 4-11 
mm, base rounded, apex rounded but mucro- 
nate, leathery, densely white-haity beneath. 
Innoiesoence a terminal or axillary iViIsc ra- 
ceme. Flow ers biaexual, papilionaceous, 10-12 
mm lony;; calyx tubular, 4-5 mm long, with 6 
equal teeth, the upper pair partially connate; 
corolla scarlet-red, standard alnuist circular, 
10—13 mm X 8—12 mm, somewhat whilish- 
pubesomt, with an irregular white basal eye, 

wings shallowly run-fd dnrkcr along the upper 
margins, keel falcate; stamens 10, filaments 
fused into staminal sheath 9-13 mm long, 
strongly curved; ovary superior, 1 -celled, ses- 
sile style slender, stigma punctate. Fruit a 
flattened pod 6-8 cm x 7-8 mm, almost gla- 
brous to silky haiiy, opening with 2 strongly 

spirallintj %"alv'es, several-scode»d. Seeds OOm- 
pressed-reniform, 6 mm x 4 mm, brown. 
Pifranthus comprises 6 species, all endemic to 
Madagascar. It is classified in the tribe Millet- 
lirnr nnd is somewhat intermediate between 
the related genera Muiululea and Chadsia. 
Pyranthus tuUetuvnais has been subdivided 
into 2 subspecies, based on the hairinees of the 
fruits and the size of the flowers. 

Ecology Pyranthus tulUarmsis grows on 
sandstone rock outcrops, in grassland and open 
woodland at ."lOO-llOO m altitude. If is some- 
what resist ant to grassland fires and flowers in 
Octobet^Februaiy. 

Genetic resources and breeding Pyran- 
thus luUearensia is not very widespread and 
although it shows some fire resistance, habitat 
destruction by bush fire may endanger it even- 
tuall\ I'lcrmplasm collection and protection 
measures are recommended. 

Prospeots Pyranthus tuUearensis as source 
of a dye is only verj' locally of some importance 
in Madagascar, and this will probablj' not 
diange in the fiiture. 

Major refereBMS du Puy et al,, 2002 

Other references du Puy & Labat, 1995. 

Authors P.C.M. Jausen 



Rhus tomentosa L. 

Protologue Sp. pi. 1: 266 (1763). 

Family Aniicinliaci'ae 

Vernacular names Wild currant, furry 
ihus, haiiy taaibos (En). Sumac (Fr). 

Origin and geographic distribution Rhus 
tomentosa is found m eastern Zimbabwe and 
eastern and southern South Afirica. 

Uses The wood, bark of roots and branches, 
and leaves of Rhus tonipn In.sa are collected 
firom the wild and used in tannmg. The bark 
also produces fibre fi}r rough rope. The wood is 
hard and tough, but it is only userl as fuel be- 
cause the trees are small. The fruits are edible, 
but of very poor flavour. Rhus tomentosa is an 
attractive shrub with potential as an ornamen- 
tal and seed is a\ ailalde tVoin specialist suppli- 
ers. It was one of the first i\liua species intro- 
duced into botanical gardens. 

Properties The lonves of Rhti.s tninpiitnsn 
yield 8% tannin and the twigs 5.7%. The bark 
is rich in tannic acid. 

Botany Dioecious shrub or small tree up to 5 
m fall much-branched, bark smooth, grey- 
brown; branches shallowly ridged, densely red- 
hairy when young, older ones daiic green. 
Leaves alternate, .'i-foliolato; stipules absent; 
petiole up to 4 cm long; leaflets lanceolate- 
elliptical to obovate, 3-9 cm x I-4 cm, terminal 
leaflet largest, base broadly tapering, margin 
entire or in upper part with 1-3 small teeth, 
leathery, yellowish to whitish hairj* below. In- 
floresoaice a lax, mudi-branched. axillary or 
terminal panicle, male one up to 9 cm l<ing, 
female one up to 5 cm long. Flowers unisexual, 
regular, 6-merous; pedicel 1—2 mm long; calyx 
with ovate segments; petals c. 1 mm long; male 
flowers with ^ sfamen.s: female flowers with 
superior, globose, 1 -celled ovarj', styles 3, stig- 
mas headlike. Fruit a globose drupe 4-6 mm x 

1 mm densely groy-tomentose. 
Bhus comprises about 200 species, of which 
about 110 occur in Africa. Subtropical southern 
Afinca is richest in species (about 80), and 
about no species ocx-ur in tropical Africa. The 
African species belong to subgenus Tliereza, 
diaracterized by 3-foliolate leaves, flowers in 
panicles or rncemes. resinous mesocarp of fruit 
adhering to the bony endocarp, and absence of 
toxicity. 

Other African Rhus species are used occasion- 
ally for dyeing: the bark of Rhus hinrra L f 
gives a brown dye, that of Rhus pendulina 
Jacq., more reddish-brown colours. The baik of 
Rhus undukUa Jacq. is a traditional source of 
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tannin in Namaqualand (South i\frica) and the 
root of Rhus ciliata Licht. ex Roem. & Schult., 
the wood of Rhus laiicea and the bark and 
woorj of Rhtis huida L, hnvc also been used for 
tanning. However, these species are more im- 
portcmt for their edible fruits and/or timber. 

Ecology Rhus toiiwulosa grows on ro(k\ 
mountain slopes and on edges of low buahland 
vegetation, up to 2600 m altitude. 

Genetic resources and breedingf Rhus 
tnntpiiinsa f\<<fs not Seem to be in danger of 
genetic erosion. 

Prospects Most probably Rhus tomentosa 
will remain important for tanning only ver>' 
locally. Possibly it will become more important 
as an ornamental. 

Major references Coates Palgrave, 1983; 
Fernandes & Femandes, 1966; van Wyk & 
Gericke, 2000. 

Other references MofEett. 1993; Palmer & 
Piimnn 1072-1071 Srhonland, 1930; Watt & 
Breyer-Brandwijk, 1962. 

Authors P.C.M . Jansen 



ROTHMANNlA LU.NGIFLORA Suhsb. 

Profologue Parad l<md., 1(2): t. 66 (1807). 

Famil\ Rubiaceae 

Synonyms Rtmdia maeulata DC. (1830). 

Origin and geographic distribution Roth- 
mannia Imtgi flora is found from 'Inmhin rnst 
to Sudan and Kenya, and south to Tanzania 
and Angola. 

Uses Hie fruits of RothDmnind hmsiflnra 
are commonly used to make blue-black mark- 
ings on the hands, face and body, sometimes to 
imitate tattooing. In Central and East Africa 




Rothmatmia lan^flora - wild 



fibres of vegetable origin (e.g. of Raphia) are 
coloured by soaking them in swamp mud to 
which fruits and leaves of Rothmannia 
laiiifi/lord havi' been nddeil, In .Migeria a dye 
and an ink-like extract (katambiri) is made 
frvm finely cru^ed seeds. To make a strcmger 
dye iiiid ink. the extract is sometimes mixed 
With leaves of Gaixlenia, Indigofera. Sauclea or 
Vitex and sugar or honey. A black dye can be 
preparcMl from the flowers. 

The fruits are edible, hi Sierra Leone the stems 
are used to make shafts of a long-handled 
fshisel Csundi') used for harvesting fruit 
bunches of oil palm and elsewhere to make 
spear handles. In Ghana twigs are used as 
cfaewstidcs. Rothmemnia longiflom is consid- 
ered to have febrifugal and analgesic proper- 
ties, and n deeoi'tion of the leaves, twiys hark 
and roots is applied internally or externally in 
lotions, washes and baths. In Nigeria the roots 
are used to treat bowel complaints. In DR 
Congo a root infusion is applied as a treatment 
for throat abscesses, toothadie and lepros}'. In 
West Africa leaf pulp is used as an enema 
against kidney pain and diarrhoea with blood, 
and drinking the leaf juice is said to help dur- 
ing labour and dtiildbirth. In Sierra Leone 

leaves are used to treat itchini; >l\"in diseases 
and the fruit pulp is said to be emetic. In OR 
Congo the seed is used to treat ulcers. Roth- 
mannia longiflom is a decorative plant with 
large, atfrnetive tnimpet -shaped, white or 
pmk flowers and is worth cultivating as an 
omamoital. 

Production and international trade Rofh- 
inannia Longiflom is collected from the wild 
and is traded only locally. On markets the 
fruits are often traded with the rind removed 
or as 1 1 1 l:< n yiieces with adhering seeds 

Properties No specific chemical study of the 
colorants or dy^precursors present in the flow- 
ers fruits or leaves is available for RafJttnnii- 
nia longiflom. From the fruits, branches and 
leaves however, 4-oxoniootinamide-l-(r-p-D- 
ribofuranoside) has been isolated. This N- 
gl,\ i'Oside IS only know n from human urine and 
has never been isolated from other higher 
plants. It is an interesting compound, particu- 
larly in influenring en/ym.it ic pirncpsse.s. The 
fruits also contain monomethyl fumarate (used 
to treat psoriasis) and D-mannitol which is 
used as a nutrient. dietar>' supplem^t and a 
text uri zing agent. Due to its low hygrosrop- 
icity, D-munnitol is often used as a dustmg 
powder to protect products against moisture 
pidc-up. A major use of D-maimitol is in chew- 
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ing (^m and it is also widely used in intestinal 
permeability tests. 

Description Shrub or small tree up to 9 m 
tall, often with climbing stpnis Lcmvos oppo- 
site, simple and entire, glabrous; stipules tri- 
angular, c. 3 mm long, early caducous; petiole 
3-10 mm long: blade . llipt iciil. fi-lS cm x 2-8 
cm, base cuneate, apex acummate, pinnately 
veined with 4-6 pairs of lateral veins having 
azillaty domntia. Flowors soHtary, terminal on 
^bort nxilljiiy l)rnnrhcs bisexual, ropular, 5- 
mt rous, sweetly scented; pedicel up to 1 cm 
long, bearing 6-8 scale-like bracteoles; calyx 
tubular, 1-2 cm long, lobes triangultir, 1-4 mm 
long; corolla trumpet-shaped, up to 24 cm x 4 
cm, lobes ovate, 1—4 cm x 1—1.6 cm, purple-red 
to green outside, whitish with purplish spots 
mside: stamens inserted in the corolla tube, 
included or with tips of anthers exserted; ovary 
inferior, 2-oelled, style 12-21 cm long, stigma 
2-lobod, up to .'^ cm long, partly oxsertod. Fruit 
a globose to ellipsoid berry, 3.5-7 cm x 5-6 cm, 
green-blackish, with 10 indistinct ribs, gla- 
brous iiumy-seeded. the calyx persistent. 
Seeds lens-shaped, 6-8 mm x 5-6 mm x 1—1,5 
mm, brown-red. 




Rolhmaaaia longiflora - 1, flowering branch; 2, 
fruit. 

Redrawn tmd adapted by Achntad Satiri Mtr- 
haman 



Other botanical information Rothmannia 
comprises about 30 species, distributed in 
tropical Africa, Madagascar and Asia. In tropi- 
cal AiViea aVmut 18 sjiecies are present 
The followmg Rolhmaimia species, also occur- 
ring in tropical Africa, have or most probably 
have, similar ifye, medicinal and ornamental 
uses: 

— Rothmannia vnglfriana (K.Schum.) Keay, 
small ircf w iih fruits 2—5 cm long, found in 
Angola l)lvi %inun, Zambia, Malaw i Mn/nm- 
bique, 'I'anzania and Burundi; the ripe fruit is 
edfl>Ie, it is juicy, sweet and aromatic; an infu- 
sion of the roots is used against stomachache 
and snakebite; the wood is used as firewood 
and to make tool handles and spoons. 

— Rothmanma fischeri (K.Sdium.) Bullock, shrub 
OF small tree up to 8 m tall, fruits :W! cm long, 
fbund in Kenya, Tanzania, DR Congo, Malawi, 
Zambia, Zimbabwe and South Africa. 

— Rnthniniiiiin Iiispicla (K Sebum,) Faperl. 
(syn.: Randia hispida iv.Schum.), shrub or 
small tree up to 10 m tall, fruits 6-11 cm 
long, occurring &om Guinea to DR Congo; 
the wood on cutting and exposure to the air 
takes on a blue colour; in Nigeria, leaf sap 
and fruit juice are used to draw blade de- 
signs on the body anfl to blacken tattoos 
mixed with palm oU, they are applied on the 
skin against fimgal infections. 

— Rothnumnia kUmiflora (K.Schum.) Keay, 
sbnjb or small tree up to 8 m tall, fruits cy- 
lindrical, 5-nbbed, up to about 6 cm x 4 cm, 
occurring in Cameroon, Gabon and DR 
Congn: among the Mongo of PI? Congo, the 
juice of the fruit is used to blacken tattoos. 

— Rothmannia bijae (De Wild.) Keay (syn.: Ran- 
dia coriarea K.Schum. ex Hutch. & Dalziel), 
tree up to :'>() m tall, fruits 15-20 cm long, or- 
currmg from Nigeria to DR Congo; seeds are 
used in Nigeria to make a dg^ used by women 
for painting pnttems on Hie skin: a bark dernc- 
ti(Hi is drunk against abdominal troubles; the 
baik, leaf and nxit contain some tannin. 

— Rothmannia maeroaiphon (Engl.) Bndson. 
shrub or small free up to 7 m tall, fruits 2-.? 
cm long, occurring in Kenya and Tan/.ania; 
the fruit yields a blue-black dye. 

— Rnthinnniiia tnati^anjat^ (Hiem) Keay, shrub 
or small tree up to 15 m tall, fruits 2-4 cm 
long, occurring in Kenya, Tanzania. Mozam- 
bique. Malawi and Zimbabwi T 1 - s|i, ( i.>s 
closely resembles Rothinnnuiu loit^i/lora but 
has a much shorter corolla; sterile or young 
flowering specimens of both species are par- 
ticularly hard to distinguish. 
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— Eothmannia munsae (Schwoinf. ex Hicm) 
Petit (sjTi.: Randia megahstigma (Wemham) 
[\v!i\\ Randia kmeiMmlei Hutch. & Dalziel), 
shrub or ti-i-c up tn 17 m tfill fruits up to 7 
cm long, occurrmg from Sierra Leone to 
Cameroon and DR Congo. 

— Rothi)i(iinii<t ortaiiicia (Ilook.f.) Fayerl.. 
shrub or small tree up to 2 m tall, flowers 7- 
8-merou8, fruits subcylindrical, up to 14 cm 
long, occurring from Nigeria to DR Congo: in 
DR Congo nnd Xigrria the fruit juiro is used 
to draw black designs on the body and to 
bladcen tattoos; pulped roots are applied 
against pneumo-brnnchial troubles in Congo. 

— Rothnuuinia urcelliforinis (Hiem) Robijns 
shrub or small tree, up to 16 m tall, fruit up 
to 10 cm long, widespread all over tropical 
Afiica: ui I']thio[)i;i. in th<> province nf niiil'a- 
bor, the Iruils are crushed and boiled m \\ a- 
ter to obtain a blue dye for cloth; they con- 

tnin the iridoid nlknloid gnnliMinmidc- .\; 
fruits are said to be poisonous and have some 
molluBcicidal propertj-; powdered dry fruits 
are used alone or mixed into a hunting poi- 
son in Central African Republic 

— Roth III an II iu uhiljieldii (Lindl.) Dandy (aee 
separate treatmrat). 

Growth and development Fruiting of 
Rotlimatinia loiigiflom plants is about 3 
months after flowering. 

Ecology Rt4hmaiuiia UmgifioTa is found in 

the undorgrowtb of primnrj,' as well ns socon- 
darj' forest, from sea-level up to 1700 m alti- 
tude. 

Management In cultivation Ruthmannia 
lottgiflora can easUy be propagated by seed. 

Genetio reaoiureea Rothmannia longiflora 
is widespread and common, and is not in dan- 
ger of trcnt -t ic erosion - 

Prospects Ixolhiimimia longiflora is easy to 
grow and has interesting dye, medicinal and 
omnmental prnpertios. More resonrch is 
needed to evaluate its commercial and agricul- 
tural possibilities. 

Major references Abbiw. 1990: Bridson & 
Wrdcourt, 1988: BurkiU. 1997: Dalziel, 1937; 
Holland, 1908-1922; Irvine, 1961. 

Other refbrencea Beentje, 1994; Bring- 
mnnn ot al., 2001; Bringmann ot al 1999: Hal- 
le, 1970; Hepper & Keay, 1963; Hulstaert, 
1966; Neuwinger, 1998; Neuwinger. 2000; 
Huffo Bimie & Tengnas, 2002; Sonke & Simo, 
I9!i(; Toumeric. 198f; 

Sources of illustration Irvine, 19G1; Halle, 
1970. 

Authors P.C.M . Jansen 



RuTUMANMAWUiTFlELDil (Lindl.) Dandy 

Protologue F.W.Andrews, Flow. pi. Anglo- 

Aegypt, Sudan 2: 461 (1952). 
Family Kubiaceae 

Synonjmis Rattdia mtdleifera (Hook.) Hook.f. 

(187:1), 

Origin and geogmphic distributiou Roth- 
mannia ivhitftetdii is widespread in tropical 
Africa from S<>n(>gal east to Sudan, and south 

to Angola an<l Zimbalnve. 

Uses The fruit juice and fresh seeds contain 
a blue-black dye, which is widely used in tropi- 
ca! Afi u a as a cosmetic for body decoration, to 
mark an outline for tattooing and to rub into 
tribal markings in the skin to make them more 
conspicuous. The dye is said to be permanent. 
To dye barkcloth ( pongo ) plain black, or deco- 
rate them with designs, the Nlbuti, the Ei'e 
Pygmies and the Balese cultivators of the Ituri 

forest in north-eastei-n DR i 'ongo, warm the 
soft pulp in the fruit on a fire, crush it and the 
black Uquid obtained is mixed up with charcoal 
powder for drawing designs. They also change 
the colour to greyish-lilue l>y tiddmg lemon 
juice on the entire dyed cloth or on some de- 
signs only. 

The dye is sometimes employed together with 
dye prepared from t he pods and seeds of PiUo- 
slignia thonningii (Schumadi.) Milne-Redh. It 
is also used to I'.iln-ics and as ink. The wood 
is hard an<i used lor hoe-liandies, h'nih iiiaiiiiia 
uhil/ieldii is considered to possess febrifugal, 
anti-diarrhoeic and ecbolic properties. The fruit 
juice is applied to sores ,in<l wounds to promote 
healing, and in Tanzania to leprous areas of 
the akin. In Bast Africa it is applied to eczema 
on the toes. Drinking of cold water in which 




Rothmannia whitfiddU - wild 
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chips of the root bark havo been steeped pro- 
vokes abimdant expectoration and is a relief 
for asthma. In southern AtVic;! root ash is used 
as a cic'Mti-iznnt <in wounds ;iik1 to trc-it eczema 
on the toes. In Sierra l^,eone charred fruits are 
used to strengths palm wine. With its large, 
pendulous. s\\ ("ct-sci-nted. while or brownish- 
white flowers Rothinannia u hitfieldii Ib poten- 
tially an attractive ornamental. 

Properties No chemical studj' of (h* uXag. 
;int« or dyo-prerursors present in the nowors 
and fruits is available for Rothmannm ivhit- 
fieldii but presumably the fruit pulp contains 
alkaloids with dyeing properties like several 
other Rothntaitiiia species with similar uses. In 
the bark and leaves alkaloid is present. The 
bark and root contain saponin. The wood has 
muliuscicidai potential a water extract kills 
the freshwater snail Biiliiius globulus at 100 
ppm. 

Description Shrub or small tree up to 15 m 
tall; young stems pubescent. Leaves opposite, 
simple and entire, leather}^; stipules triangu- 
lar, 2S mm long, deciduous; petiole up to 2 cm 

long: blade elliptical to obuvate, 9-29 em ^ 
13 cm, base cuneate, apex acuminate, pin- 




nately veined with 8-15 pairs of lateral vems, 
almost glabrous. Flowers solitaiy. pendent, 
terminal on short axillary bran > h< s bisexual, 
regulni' -"i-inerous. sweetly sfvnted. pedicel up 
to 2.5 cm long, red pubescent, bearing 2-6 tri- 
angular bracteoles 2.5^ mm long; caljnc tubu- 
lar, red-limwn ]>ul)es(ent, tul>e u]i to 2.5 cm 
long, 10-grooved when dry, lobes linear, up to 8 
em X 4 mm; corolla trumpet-shaped, white, 
sometimes with pun'le spots, 7-30 cm Itaig, 
lobes ovnfr, 1,5 7 cm x 1.5—8 cm, rod-brown 
pubescent; stamens inserted in corolla tube, 
included or tips of anthers exserted; ovary infe- 
rior 2-i elled style 7-19 cm long, abruptly wid- 
ened at the wholly or partly exserted 2-lobed 
and 3—7.6 em long stigma. Fruit a globose 
bern,' 3-7 cm in diameter, smooth to strongly 
lO-iilibi'd. velvety bi-own pul>escent when 
young but glabrescenl, many-seeded, crowned 
by the persistent calyx. Seeds lens-shaped. 7— 

1 1 mm ' 1 mm 

Other botanical information Rolhmaumia 
comprises about 30 species, distributed in 
tropical Africa, Madagascar and Asia. About 18 
species are present in tropical Africa. Roth- 
inannia u'liil/ieldii is an extremely variable 
species, e.g. flowers with long or short tubes 
occu r. 

Elcology Ruthmaniiia uhilfieldii occurs in 
forest undergrowth, often in old secondary for- 
est, but also in savanna woodland, up to 1700 

m nltitiido. 

Genetic resources Rollunannia u hii/ieldii 
is widespread in tropical Africa and is not in 
danger of ucuct ic erosion 

Prospects The dye, medicmal and ornamen- 
tal properties of RotitmoHnia uhitfieldii make 
it an interesting species, deserving more re- 
search 

Major references Bridson & Verdcourt, 
1988; Buikill, 1997; Dalsiel, 1937; Irvine, 1961; 
Tnnno 1981; Teradiima, Icfaikawa & Sawada, 

1988, 

Other references Abbiw, 1990; Andrews, 

1952; Gassita et al. (Editors), 1982; Halle, 
197t): Ilepper & K.';)\'. 1963: Neuwinger 2000: 
Raponda-Walker &. Sillans, 1961; Sonke & 
Simo, 1996; Somers & Robbrecht, 1991. 

Sources of illustration Irvine, 1961. 

Authors P.C.M. Jansen 



Rothinannia whitfieldii - 1, flowering bmnch; 

2. fruit. 

Redrawn, taid adapted by Achntad Satiri Nur- 
haman 
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RUBIA CORDlFOLiA L. 

Protologne Syst. nat. ed. 12, 3 (app.): 229 

(1768). 
Family Rubiaceae 
duromosome number 2n = 22 

Vernacular names Indian maddor nuinjeet 
(En). Garance indienne, manjit (Fr). Ruiva dos 
tintureiros da fndia (Po). Kifiindo, ukakaka 

(Sw). 

Origin and geographic distribution Riihia 
cordifolia has an extremely large area of dis- 
tribution, ranging from Africa to tropical Asia, 
China, Japan and Australia. In Africa it is 
fimnd from Sudan and Ethiopia to South Af- 
rica. 

Uses Rubia i i,t(lifolia has been and still is 
widely used as ;t dyr pl;inf in Asia In Afrira it 
appears to have been less important as a dye. 
Its use is only documented in South Africa, 

whoro thr I'ools arr used to dyn wool and in 
Ethiopia, where they serve to dye wool and 
bread basketts into various shades of red, pink, 
purple or maroon. The roots are an important 
ingredient in recipes of red inks that may also 
contain other red dye-plants such as the roots 
of ImpaUena tinetoria A.Ridi. and the baric of 

Osyris qiindriparliln Sal/m ex Derne. The 
juice of crushed fruits is buttled and used as 
green to bluish ink. Reports from Asian coun- 
tries (particularly noiihern India Bhutan, 
Nepal, Tibet. China and .)a]ian) show that a 
red dye extracted from the stems and roots has 
long been used to djra silk, linon and cotton 
fabrics (c-hintz) anrl \\i>i)| (blankets and car- 
pets). The red colorants present, though 
slightly different in cliemical composition, give 
dye.*^ (juit<> similar in hue.s and fastness to those 
prodiii'od by Riihid tinrtnnini L., the European 
madder plant. To dye a piece of cloth, it is 
simmered in a decoction of tiie root and some- 
times of the lower pni-t nf the stem in water, 
after having previously been mordanted with 
alum and (for diintz) with fatty and tannin 
mordants. Several synthetic dyes have now 
largely replaced Indian madder as a source of 
red dye fur industrial production in Asia, but it 
is still used for high-quality traditional textiles. 
In Tanzania asb nf burnt stems and leaves is 
used as vegetable salt to soften vegetables 
when cooking. Rubia eordifijUa is widely used 
in African traditional medicine. In Uganda and 
Tanzania the lenvrs are used n.s a poison anti- 
dote and to treat mouth sores and intestinal 
problems such as diarrhoea; a drink prepared 
from crushed and boiled leaves is administered 




Rubia eordifoUa - wild 

to patients. Roots are credited with astringent 
and antidysenteric properties. In South .Africa 
the root is used to treat impotence and as an 
aphrodisiac. In Tanzania and Kenya a wound 
dressing Ckiraara') is made by rubbing the 
leaves between the hand palms into ;i ball 
which is then applied to a wound or cut to stop 
bleeding and as an antiseptic. A root decoction 

is used as an em(>Iic in casc-s of stomach prob- 
lems. In Rwanda a rout deuuctiun is used to 
treat women who experience weight loss during 
pregnancy Cifuinbi'), urethral leak, giddiness, 
tingling sensations and kidney problems In 
DR Congo the leaves are burnt and the ashes 
are used to treat inflammation of the mam- 
mary glands (mastitis) in cattle and also to 
treat itchy skin in humans. In Burundi a leaf 
decoction is administered to newly bom calves 
with ha(»morrhapic diarrhoea ('amacikire') and 
also to treat external parasites such as fleas, 
ticks and mites in animals, in Ethiopia the 
leaves are used to treat malaria, itches and to 
.stop bleeding, the roots to treat amoebic dysen- 
tery, cancer and cough. The leaves are eaten in 
Indonesia as a side dish with rice, and fi«sh 
fruits are edible. Rubia mnli folia can be used 
as an omamental climlier. but in cultivated 
fields it can behave as a troublesome weed. 
Production and intemational trade Rubia 

rnrrfifnlia does not appear to bave been mUch 
cultivated, but was and still is mostl>' collected 
from the wild. At present, production and trade 
for its djre is almost confined to northern India 
and surrounding countries. In the past, start- 
mg at the end of the 18* century, roots were 
exported to the United Kingdom. Nowadays, 
powd^d Indian madder for dyeing is exported 
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e.g. to Europe, North America and Japan in 
small nmounts that are difficult to quantify. In 
All 11 n'tiliiu cordi folia is only occasionally 
ti l Id un local markets for use in traditional 
medicine. 

Properties The roots are repotted by various 

authors to contain a ven,' large range of yellow to 
red colorants, mostly anthraquinones m the free 
or glycosidic states: munjistin. purpurin, pseu- 
doputpunn, piii'p>^><'ox;inlhin, rubiadin lucidin, 
nordanmacanthal, physdon, l-hydn>\y-2-mofhyI- 
anthraquinosie, 1 -hydroxj'-2-methoxj'-ant hraquino- 
ne, l,4-dih3rdroxy-2-me<l)yl-anthra<piinane, 1,4-di- 
hydroxy-G-methyl-anthraquiiiuni'. 1 . 1-dihydroxy- 
2-niethyl-5-methoxy-anthraquinone 1 . .j-dihj dmxy- 
2-methyl-anthraquinone, l-aoetoxy-G-h,> droxy-2- 
methyl-anthraquinone, l,3-dimethoxy-2-carbo- 
xj'anthraquinone, 1.3,G-trihychTj.vy-2-methylanthra- 
quinune. Other minor compounds belongmg to 
different diemical groups (napthoquinones and 
n.'ifjlithohydroquinones) have nlwi been isolaticd 
from the roots e.g. 3-pren}'l-methoxy-l,4-naphto- 
quinone, mollugin, furomoUugin and dehydroa- 
lapchone. Alizarin (1,2-dihydroxy-anthraquinone), 
the most imjiortant colourmg agent in the 
European madder Rubia tiiiclorum L. is pre- 
sent in small quantity in the stems, with pur^ 

[Hirin nihiadin and munjistin ;is major comjio- 
nents. From the roots of Rubia coi-difolia 
suhsf). pratmaia (Maxim.) Kitam., collected in 
China 1 1 anthraquinones and their glycosides 
and I n.iphthohydroquinones (among which 
diliydix)mollugin) and their glycosides were 
isolated. The derivatives of l,3,6-trihydroxy'2* 
methylanthraquinone so far isolated are only 
found m some forms of Rubia cordifolia and in 
Rubia akane Nakai from Asia. Differences in 
the composition of roots and stems to be no- 
ticed in the literature point to the need for a 
systematic chemotaxonomic research on the 
various forms of the plant, both in Asia and 

Africa. In India, mollngin showed inhibition of 
passive cutaneous anaphylaxis and pi'otection 
of mast cell degranulation in rats. It also exhib- 
It cd considerable activity against lymphoid 
leuki'mia in mice In tests, the anti-innam- 
malorj' activilj of an extract of the roots has 
been demonstrated. 

Adulterations and substitutes Rubia 
cordifolia and other Rubia species are cur- 
rently sold together as 'madder'. Rubia cordifo- 
lia should not be confused with Olden luinlhi 
HiiibeUata L.. also called Indian madder .md 
found in eastern India, Myanmar and Sri 
Lanka but not in Africa, which ocmtains aliza- 
rin as red dye comp<ment. 



Description Climbing or creeping perennial 
herb with stems up to 10 m long, W'ith woodj-, 
long, <grlindrical, ilexuose roots with thin red 
b.nk; <tem branched, with long intemodes, 
distinctly 1-ribbed, 1.5-3 mm m diameter, with 
recurved prickles on the 4 ribs. Leaves ar- 
ranged in whorls of 4. simple and entire: peti- 
ole (0.5-)5-12 cm long; blade lanceolate, cor- 
date or ovate, 1.5-6.5(-10) cm x 0.5-4 cm, base 

cordate or rounded apex acute or acuminate, 
margins and veins below with recurved prick- 
les, glabrous to hairj', with (3-)5(-7) promment 
veins from the base. Inflorescence an axillary 
or terminal cyme up to 2.5 cm long, lax or 
dense; peduncle 1-2.5 cm long. Flowers bisex- 
ual, regular, (4-)5(-G)-merous; pedicel up to 6 
mm long: calyx obsolete; corolla rotate to cam- 
panulate 'A->y mm in diameter, lobes triangu- 
lar, greenish-white to yellow; stamens inserted 
in corolla tube, anthers exserted; disk small, 
swollen; ovary inferior, 2-celled, styles 2 short, 
stigmas head-shaped. Fruit consisting of 1-2 
globose mericarps 2.5-6 mm in diameter, bhi- 
ish-lilark. each with a single seed. Seed glo- 
bose, 1-3 mm in diameter. 




h'libia cordi folia - 1, part of flowering atem; 2, 
flower; 3, fruit. 

Redrawn and adapted by Aehmad Satiri Nur- 
kaman 
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Other botanical information Rubm com- 
prises about 60 species and is distributed in 
Europe, Africa and Asia, with 3 species in 
tropical AlVirn It is cldscly related to <!(ilitiin. 
The name Bubia coidijolia L. is applied to a 
vast range of plants distributed aU over A&ica 
and Asia. Attempts to split the extremely vari- 
able Rubia cordifolia into several taxa have 
failed, and much experimental taxonomic work 
would be needed to unravel ihc systematics of 
this sprrirs and its allies. All AtVicnn mntorinl 
is currently included in subsp. conoliicha 
(Gand.) Verde, (synonjrm: Rubia conotrieha 
Gand ). which is .ilso v;iri,il)If. varj'ing mostly 
in shape, size and hairmess of the leaf and 
length of the petiole. In Eritrea, Ethiopia and 
Somalia the plants have the lower side of the 
leaves densely covered with whilf hairs and 
ihe corollas are distinctly campanulate. They 
have been distinguished as var. discolor 
(Tunv ) K Sebum (synonym; Niibia diarnlnr 
Turcz.). The 2 other species in Africa, Rubia 
petiolaris DC. and Rubia horrida (Thunb.) 
Puff ,111' i imfiiii il tu southern Africa and differ 
from Ihihia i on! i folia by havm^ leaves ar- 
ranged m whorls of ti-8(— 12) instead of whorls 
of 4. Rubia petiokaia has be^ recorded from 

South .\frira and T^osntho and T?iibia honida 
from Zimbabwe, South Africa, Botswana and 
Namibia. 

Ecology Rubia cord^oUahaa a wide ocologi- 
cal iuiajit nbility. It is found in forest edges and 
clearmgs, scrub vegetation and dune forest, 
less commonly in grassland or open, rocky ar- 
cMs. from si'a-lf'\('I up to 2'"no m .■dtitudo. 

Propagation and planting Rubia cordifo- 
lia is aocasionally cultivated in India (Darjee- 
ling). It. can be propagated by seed, cuttings 
and micropropagation methods. Seed germi- 
nates best when sown immediately after ripen- 
ing; stored seed takes time to germinate. 
Plants shoulil \\v ei-own in light shade. 

In vitro production of active compounds 
ESxperimental results from RuhUi eordifoUa cell 
cultures to produce anthraquinones for phar- 
maceutical purposes ;iro promismtj 

Haniiling after harvest In Africa the roots 
and stems are harvested exclusively from the 
wild. Thoy r\rv oithrr used fresh and crushed 
or dried and then ground to powder. To prepare 
the dye bath for wool or basket fibres, water is 
added to the crushed or ground roots and left to 
simmer for two hours then the material to by 
dj'ed (pre-mordanted with alum, m the case of 
wool) is added to the dye-bath. It is allowed to 
simmer for another hoiu* and left to cool down 



in the bath before w ashing and drying. 

Genetic resources Rubia cordifolia is 
widely dntributed in secondary and disturbed 

habitats and is unlikely to lie liable to genetic 
erosion. Its extreme variability requires more 
attention. 

Prospects h'uhia cordifolia has at present 
lost much of Its former importance as a 
dye-producing plant, but since it produces a 
great range of beautiful, fast colours and is 
easy to propagnfe the current growing interest 
m natural djes as renewable resources may 
make it a usefol crop. Its effectiveness in dis^ 
easi> treatments de-^ciAi's more research and is 
being mvestigated in India where the plant 
was used in the Ayurvedic and Unani flystems 
of medicine, besides being part of an anticancer 
tx)mi><uinil 111 Til><'t;ui mcdirine 

Major references Cardon, 2U03; Oyen, lUtilb; 
Rufib, Bimie & TengnSs, 2002; Sakata & 

Katayama, 19f)()a; Snkatn & Katayama, llMXlb; 
Toumerie, 1986; Verdcourt, 1976; Verdcourt, 
1989. 

Other references Bhu\ an & Saikia, 200.5: 
Bulgakov et al., 2003a: Bulgakov ot a! 200.3b: 
CSIR, 1972; Dosaeh, Tessier & Delaveau, 198 la; 
Dosseh, Tessier & Delaveau, 1981b; Gelfand dt 
nl. 108." ( Iiiiit.i t {ulrnj.-ini & Kumari, 2(K)1: ( {uiii.-i 
et al., lOOU; Jansen, 1981; Kasture, Ivasture & 
Chopde, 2(X)1; Kbkwaw), 1993; Puff, 1984; Puff, 
2003: Suzuki & Matsumoto, 1988; Takeya el al., 
lOO:? Tessier, Delaveau & Champion, 1081; 
Tiwari et al., 1999; van Wyk & Gencke, 2000; 
Verdcourt. 1975b; Vlietinck et al, 1996; Watt 
& Breyer-Brandwijk, 1902 

Souroea of iUuatration Verdcourt, 1976. 

Authors C. Zimudzi 



Si:iN.\.\.\UKlCULATA (L.) Ro.\b. 

Protologue FI. ind, ed. I«.'i2 2: .'MO (18.32). 

Family Caesalpuiiaceae (Leguminosae - Cae- 
sal^nnioideae) 

Chromosome nnmlier 2ii = 11. 16. 28 

Synonyms Cassia auriciihita L (IT-'jS). 

Vernacular names Avaram, tanner s cassia, 
tarwar (En). Avaram (Fr). Av61 (Po). 

Origin and geographic distribution Sefiiia 
auriculala is a native of India, Myanmar and 
Sri Lanka and has been successfully intro- 
duced into several .\frican countries. It has 
been sxjggested that it is indigenous in Tanza- 
nia, but an early introduction and naturaliza- 
tion seem more likely. It is cultivated in India 
and Sri Lanka« and occasionally elsewhere. 
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Seiuta cairieulata - planted aud iiaturalized 
Usea Setma tuirieulata is a multipurpose 

pinnl. Till- hnrk cnn bo usrrl for (nnning heavy 
hides and goat and sheep skins, giving a 
buff-coloured leather of good quality, whidi 
tends to darken to lih»< k-ied on exposure to 
light. To prevent this i];irkening the Icnther is 
often finished by a tannage using myrubalans 
from Terminalia chdmla Retz. In southern 

Imlin the flowers nvr us(>(l ;is n fnst yellow (jye 
for leather. In Ciujaral ihe tlower buds are used 
in the galling process prior to dyeing cotton 
cloth ;ind chintzes red, pink or purple with 
madder roots (Rubin mrdifnh'a L.)- Boilod 
seeds are an important ingredient in indigo 
vats, where specific bacterial fermentation 
ensures the reduetiun of insohiMe indiyo into 
the soluble leucu-indigo, ailowmg textile fibres 
to be impiey:nated by the dye soluticm. The 
seeds of Senna auriculala serve as a source of 
supars to keep the ferment ntion proress poing. 
Branches are used as chewing sticks and 
toothbrushes. The bark fibre can be made into 
rope nnri n fermented mixture of pounded bnrk 
and dissolved molasses serves as an alcoholic 
beverage in some parts of India. Senna mrieu- 
lata does not reach a volume adequate for tim- 
ber, but sometimes handles of small tools are 
made from the wood. It is used for revegetaling 
erodible soils and as a green manure, and has 

also proved very efferti\-e in rndaiming sodic 
soils which have been dressed with gypsum. 
The leaves are sometimes used to make tea, 
dried flowers serve as a coffee substitute, and 
in times of food scnrrity the young tender pods, 
young leaves and flowers are eaten as a vege- 
table. The quantity eaten is critical since 
Sauia aurieulata is considered not well suited 



as fodder for goats and cattle because of the 
poisonous substances in the plant. The stem 
bark is used in India to stupefy fish. Uses in 
traditional meilieine are numerous The roots 
and bark ai"e astrmgent and are used for gar- 
gles, as an alterative, and to cure skin diseases, 
eye troubles and rheumatism, A decoction of 
the flowers and the seeds is recommended for 
diabetes, seeds are used to cure eye diseases, 
gonorrhoea and gout. In Tanzania the i)lan( is 
used to treat impotence which may be relatinl 
to diabetes. Leaves and fruits sei-ve as an 
anthelmintic and diuretic. Sometimes Senna 
auriculala is cultivated as an ornamental. A 
most curious use of Senna aurieulata is re- 
ported fi»m India. It is believed that branches 
were formerly used in the fabrication of wootz 
Damascus steel They were added to the cruci- 
ble and healed with the ore to obtain the 
diemical composition that gave the steel its 

beautiful pattemin<r. 

Production aud intematioual trade Senna 
atirieulata was a major source of tannin in 

India, the most ini])urtant areas of ^uoduetion 
beinj^ Madras. !!> (l"r;il>;Hl and .Mv soiv. in the 
past, annual production uf dried bark m India 
reached 60,000 1. For local use, dried bark is 
marketed in baj^s of 100-12(1 kti Syni.ms and 
imported barks, especially of black wattle {Aca- 
cia meamaii De Wild.) horn southern Africa, 
have largely replaced avaram bark. Outside 
India, Senna aurieulata has never been culti- 
vated on a large scale. 

PropertieB The bark of Senna aurieulata 
plants over three years old contains 16—24% of 
tannin on a dr>' weight basis. The tannin con- 
tent increases with age, but the increase slows 
down after the third year. The tannin pene- 
trates the hide quickly. In the dyeinp applica- 
tions, the tannins present in the plant act as 
vegetable mordants in combination with color- 
ants of other chemical groups such as an- 
thraquinone ghicosides, detected in the leaves. 
Saponin and the cardiac glucoside sennapicrin 
are reported horn the roots. The bark, ilowers, 
and seeds contain pyrrolizidine alkaloids, sus- 
pected of hepatoto.vic properties. However, in 
experiments with rats, leaf eictracts of Senna 

aurinilala have been shown to alleviate the 
effects of liver injur>' caused by alcohol. Ex- 
tracts of dried flowers dbowed significant anti- 
hyperglycaemic effect in rats, comparable to 
the therapeutic drug acarbose. This supports 
the traditional use as a treatment for diabetes. 

Description Shrub or smaU tree up to 7 m 
tall, with trunk up to 20 cm in diameter; bade 
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Senna tmrieulaUt - 1, flowering branch; 2, 
fruit. 

Source: PROSEA 

thin, brown, lentioellate. Leaves alternate, 
paripinnately compound; stipuKs Inr^o and 
leafy, broadfy miifonn, 7-22 mm w ide, persis- 
tent; petiole 10-14 cm long; rachis provided 

with a gland between eadi pair of h jiflfts: leaflets 
6-13 pairs, d>long-i'lli{)tu-;i] to ohov ;ite-i'llii)tir:il. 
10—35 mm x 5—12 mm, rounded and mucronale 
at apex, glabrous to pubescent. Inflorescence 
nn nxillaiy rnromo. 2-8-flo\vprod. Flowers lii- 
sexunl, zygomorphic, 5-merous; sepals rounded 
at apex: petals free, unequal, 1.5-3 cm long, 
yellow; stamens 10, the 3 lower ones largest 
and fortil(> others usunlly storile; ovar\' supe- 
rior, talcaie, c. l.o cm long, stalked, style c. 1 
cm long. Fruit a flattened qrlindrical pod 6- 
18 cm X 1— 2 cm, transversely undulate be- 



tween the 10-20 seeds, indchisccnt. Seeds 
compressed ovoid-c>'lindrical, 7-9 mm x 4-5 
mm, with a distinct areole on each face. 

Other botanical information I'ntil tin* 
early 1980s, Cassia was considered to be a very 
large genus of over 600 species, but then it was 
split into 3 gcnoi fi: Cassia s.s. w ifh about 30 spe- 
cies, Seiuta with 270 species and Chainaecriata 
with 260 species. 

Growth and development Plants reach 
about 3 m height with 3 n rm stem diameter in 
2 years, in 1 years about 5 m height and 7 cm 
stem diameter. Flowering and fruiting is al- 
most throughout th(- ye.'ir. Inif in India there 
are usually two mam flowering periods, one in 
the early monsoon and another in the late 
monsoon. 

Ecology I'ndor natural or nnt ur;ilr/c'cl con- 
ditions, Senna auriculata is found m woodland 
and wooded grassland up to 600 m altitude. It 
usu;)Ily '^n-nws wild in dry regions with n mini- 
mum minual precipitation of 400 mm, but it 
also tolerates wet climates with an annual pre- 
cipitation of up to 4300 mm. The mean annual 
temperature can vary from IG°C to 27°C. 
Senna auriadata needs full sun. It tolerates 
many soil types, including saline soils, but pre- 
fers fairly rich \\ :11 il'-ninct] soils 

Propagation and ijlantiug Senna auricu- 

laia can be pr^i :ii,ai. ,1 isy seed and stem cut- 
tings For quick germination seeds are scarified 
and held in running water The spodlings are 
fairlj- resistant to desiccation. Stem cuttings 
are planted 6—12.5 cm apart in rows. 

Management Tlntining is necfssary one 
year alter sowing. Weedmg and cultivation 
stimulate growth but are not absolutely nec- 
essary. Limed soil is n^poHed to increase the 
amount of tannin. Coppiced plants regrow 
well. 

Harvestib^ Starting the third year after 

rst.nblishmr nt the twig bark nf Senna auricu- 
lata can be stripped and used. Twigs that have 
not developed a corky bark are best. Coppiced 
plants can be harvested annually. 

Yield The yield of green bark of Senna anri- 
culaia averages 1500 kg per ha in a 4-year-old 
plantation of about 9000 plants/ha. 

Handling after har\'est The bnrk is sun 
dried in small pieces and stored or marketed. 
Unstripped twigs can be directly used by the 
tanners to make a tanning extract which is as 
effective as when made from dried stripped 
bark. To prepare a yellow dye, flowers (about 
twice the weight of the textile to be dyed) are 
boiled in water. Then the cloth, previously 
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mordanted with alum, is immersed into the 
bath, which is kept boiling until the desired 
shade is obtained. In Andhra Pradesh (India) 
2 n ks: (if biokcn and cooked Senna atiHciilata 
seeds are added to a vat of indigo of approxi- 
mately 227 1 with 750 g of indigo. 

Genetic resources Senna uiniculdtd is 
widespread and does not seem to be in danger 
of genetic erosion. The status of the plants 
found in natural habitats in Tanzania needs 
furtbor clarifit ation. 

Prospects Senna aunculata is easy to grow 
and has numerous uses. The good tanning 
properties of the bark, the poysibility of using 
the flowers and leaves as renewable dye 
sources that can be collected without damaging 
the tree, and its medicinal properties make it 
an interesting plant for planting in the drier 
parts of Africa. 

Major references Abesundara, Matsui & 
Matsumofo 'if)0|; Rronan, ]<mi: Rurkill, V.^n 
CSIR, 1960; Duke. 198 Ij Mohanty, Chandra- 
mouli & Naik, 1987; Moahi & Mbwambo, 2002. 

Other references de Lujnes. 1844: ( ireenway, 
19 11: Kumar et ;il 2003: Pursegbve, 1968; 
Watt & Breyer-Brandwijk, 1962. 

Sources of illustration Maman Rahman- 
syah, 

Authors P.C.M. Jansen 
Based on PROSEA 3: Dye and tannin-produdng 
plants. 

Sorghum bioolor (L.) Moench 

Protologue Methodus: 207 (1794). 
Family Poaceae (Gramineae) 
Chromoaome number 2n = 20 

Vernacular names Sursrhum, sorgo, guinea 
corn, great millet, durra (Kn). Sorgho, gros mil, 
sorgho rouge (dye cultivars), sorgho des teintu- 
riers (dye cultivars) (Fr) Sorpo. milho miudo, 
massambala (Po>. Mtama (Sw). 

Origin and geographic distribution The 
greatest (luei sity in both cultivated and wild 
types of Stiii^liuni is found in north-eastern 
Iropu al Airu:a. The crop may have been domes- 
ticated in that region, possibly ESthiopia. Vari- 
ous hypotheses ha\'f licf-n put rf)r\\,'inl ns to 
when the crop was domesticated, from as early 
as 5000-3000 BC to around 1000 BC, but the 
latter period is more widely accepted now. 
From north-ensfem Africa sorphum was dis- 
tributed all over Africa and along shipping and 
trade routes through the Middle Bast to bidia. 
From India it is believed to have been carried 




Sorglium bicotor - planted 

to China along the silk route and through 

coastal .*;hippinj; to Soufh-East .\sin. From 
West Africa sorghum was taken to the Ameri- 
cas through the slave trade. It was introduced 
into the L^nited States for commercial cultiva- 
tion from North Africa, South Africa and India 
at the end of the 19*^ century-. It was subse- 
quently introduced into South America and 
Australia. It is now witl(»ly cultivated in drier 
areas of Africa, Asia, the Americas, Europe and 
Australia between latitudes of up to 50*N in 
North America and Russia and 40"'S in Argen- 
tina. Sorghum tj^pes exclusively cultivateil lor 
the dj'e in the leaf sheaths can be found from 
Senegal to Sudan. 

Uses Sorghum is an imp(,irtant staple food, 
particularly in semi-arid tropical regions of 
Africa and Asia, and an important feed grain 
and fodder crop in the .Americas and Australia. 
In the simplest food preparations, the whole 
gram is boiled (to produce a food resembling 
rice), roasted (usually at the dough stage), or 
popped (like maize). More often the grain is 
ground or pounded mto flour, often after hull- 
ing. Sorghum flour is used to make thids or 
thin porridge, pancake, dumplings or couscx)us, 
opaqiH' and cloudv lieers rmd nt)n-a!cnh(i!ic 
lermenled beverages. In Africa sorghum grain 
is germinated, dried and ground to foim malt, 
which is used as n substratum for fermentation 
in local beer production. White grain is gener- 
ally preferred for ooddng while red and brown 
grains ate normaUy used for beer making. 
When' bud pressure is high, e.g. around Lake 
Victoria, red and brown types rich in tamim 
may be grown for food instead of white types. 
In China sorghum is extensively distilled to 
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make a popular spirit nnd vinegar. Sorghum 
grain is a significant component of cattle, pig 
and chicken feeds in the United States. Central 
find South AmHriofi, Austnilin Mnd fhina ;ind 
is becoming important in chicken feed in India. 
It requires grmding, rolling, flaking or steam- 
ing to maximize its nutritional value 
Several non-edible sorghum cultivars are ex- 
clusively grown for the red dye present in the 
leaf sheaths and sometimes also in adjacent 
stem parts. In Afric.i this dye is used particu- 
larly for goat-skin leather (e.g. in Nigeria), but 
also for mats, textiles, strips of palm leaves 
and grasses used in basketrj' and weaving, 
ornamental calabashes, wool (e.g. in Sudan), as 
a body paint and to colour cheese and lick- 
stones for cattle (e.g. in Benin) A similar dye 
can be extracted from the grain lefuse (glumes 
and gram wall) of several red sorghum culli- 
vars grown for food or for beer-making. In Ni- 
geria the red sorghum dyes were traditionally 
used by the Buuu, Aworo, Igbira and Okpella 
people for a fabric called 'abata', used as a fo- 
neral hanging, decorated with patterns made 
by thick threads added to the weft of the fabric. 
The fjabrics m which the dominant colours were 
derived from sorghum were known as 'ifala'. 

Sorghum is also us<m1 to jirovide the violet col- 
ours decorating the masks worn during certain 
dances by Yoruba people in southern Benin 
and in south-western Nigeria. In Cote dlvoire 
sorglnjm and <]thi r tannin-rich dyes are used 
in combmation with mud to create the patterns 
of the painted cloths produced in the Korhogo 
region. The dye was formerly exported to Mo- 
rocco where it was used in the leather industry. 
In China sorghum types with red panicles and 
leaf sheaths were also used for dyeing. In the 
j9ih rentury red sorghums were exported to 
Europe where the dye was known as carmin de 
sors^o'. It was extracted by squeezing out the 

juice which \\ .as then fermented. T'sed with 
wool or silk mordanted with tin or chrome, the 
result was a oolourfast red-brown that was 
once known as 'rouge badois'. 'Durra red', a 
similar product, was imported from India into 
the United Kingdom where the dye was known 
as 'Hansen brown' or 'Meyer brown'. Becentibr 
the use of sorghum dye in hair dying products 
has been patented. 

The stems of sweet sorghum types are diewed 
like sugar cane and, mainly in the Ignited 
States, a sweet syrup is pressed from them. In 
North America and eastern Europe special 
types with very long, fibrous and few-seeded 
inflorescences^ known as 'broomoom', are 



grown to make brooms. Sorghum plant resi- 
dues are used extensively as material for roof- 
ing, fencing, weaving and as fuel. The stems 
can be used for the production of fibre board. 
Danish scientists have made good panelling 
using stem diips of sorghum. The stover re- 
maining after harvesting the grain is cut and 
fed to cattle, sheep and goats, or may be 
grazed. Some farmers grind harvested stover 
and mix it with sorghum bran or salt to feed 
livestock- Sorghum is also grown for forage, 
either for direct feeding to ruminants or for 
preservation as hay or silage. Sorghum flour is 
used to produce an adhesive in the manufac- 
ture of plywood. Sweet sorghum is suitable for 
the production of atei^ol, while the bagasse is 
a suit aide source of paper pulp for the produc- 
tion of kraft paper newsprint and fibre board. 
Sorghum has various applications in African 
traditional medicine: seed extracts are drunk 

to treat hepatitis, and decoct inns of twigs with 
lemon against jaundice; leaves and panicles are 
included in plant mixtures for decoctions 
against anaemia. The Salka people in northern 
Nigeria use sorghum in arrow-poisons The red 
pigment is said to have antimicrobial and anti- 
fungal properties and is also used as a cure for 
anaemia in t i-;):lf iiin:il -^'.i -;li:-ini-. 

Production and international trade Sor- 
ghum grain is the fifth most important cereal 
in the world after wheat, rice, maize and bar- 
ley In .\friea it comes second after maize in 
terms of production. According to FAO esti- 
mates, the average world production of sor- 
ghum giain in 1999-200:1 amounted to .57.7 
million t/year from 42.6 million ha. The pro- 
duction in sub-Saharan Africa was 19.0 million 
t/year from 22.8 million ha. The main produc- 
ing countries arc the I'nited States (12.0 mil- 
lion t/year in 1999-2003 from 3.2 milhon ha), 
India (7.6 million t>year from 9.8 millioa ha), 

\'ipe?-ia (7.t! million t/yenr from fi H million hn) 
iMe&ico (6.0 million tfyear from 1.9 million ha), 
Sudan (3.4 milUon tfyear from 5.3 million ha), 
Argentina (3.0 million t/year from 630.000 ha). 
China n.O million 1/ve;ir from S 10.000 ha). 
•Australia (l.U million l/yeur from 690,000 ha), 
Ethiopia (1.4 million t/year from 1.2 million ha) 
and Burkina Faso (1.3 million t/year from 1.4 
million ha), in sub-Saharan Africa annual pro- 
duction increased from around 10 million t 
from 13 million ha in the early 1960s to about 
20 milUon t from 25 million ha in the early 
20008. 

Almost all soi|^um traded on international 
markets is for use as livestodc feed. Average 



148 PTES AND TANNINS 



world exports of sorRhum in 1998-2002 
amounted to 6.3 million t/year, almost all from 
the United States (5.6 million t/veiu) The 
niJiin importers nre Mt-xifn ntul -hiijan. In 
tropical Africa most sorghum is grown for 
home oonsumption (except for beer production). 
In Boutiiem and eantern Africa malting sor- 
ghum for beer brewing has developed into a 
large-scale commercial industry, usmg about 
160,000 t of sorghum grain annually. In Uganda 
rommcrcinl production of Inpor boor usinp sor- 
ghum instead of barley is becoming a great suc- 
cess (annual requirement of sor^um is 3000 t) 
and is very promising for other African coun- 
tries. In Nigeria sorghum malting has become a 
major industry for lager and stout beer brewing 
and for malt beverages, using about 15,000 t of 
sorghum annually. In South Africa an instant 
breakfast cereal is made from sorghum that is 
similar in quality but much cheaper than 
wheat or maize products. Anniinl production is 
12,000 t and is increasing st^eadilj'. 
In West Africa small tied bundles of 4-6 leaf 
sheaths of sorghum dye cultivars are offered 
for sale on local markets (in the 1990s the price 
was about loU CFA). In 1993 in Burkina Kaso, 
the red pigment was suooessAilly extracted 
diemically from sorghum leaf shcnths ;in<l of- 
fered for sale as dry powder un the world mar- 
ket. 

Properties The composition of sorghum 
grain per 100 p edible portion is: water 9.2 p, 
energy 1118 kJ (339 kcal), protein 11.3 g, fat 
3.3 g, caihohydrate 74.6 g, Ca 28 mg, P 287 mg. 
Fe 4.4 mg. vitamin .\ 0 H' ihi.iniin 0,21 mg, 
riboflavin 0.14 mg, niacm 2.9 mg ami ascorbic 
add 0 mg. The essential amino add composition 
per 100 g edible ptstkm is: tiyptophan 124 mg, 
lysine 229 mp methionine lfi9 mp, phenyla- 
lunine 5 16 mg, threonme 3-16 mg, valme 561 mg, 
leucine 1491 mg and isoleuctne 433 mg. The 
principal fatty ncids nre per TOO p edible portion: 
linoleic add 1305 mg, oleic acid 964 mg and 
palmitic add 407 mg (USDA, 2004). Sorghum 
grain is first limiting in lysine, then in me- 
th'.nniiK' and threonine. Much of the protein in 
sorgiium is prolamine (39—73%), which is 
poorly digestible. As a result, maximum avail- 
able protein in sorghum prnin is usually 8—9%. 
The tanum content of sorghum also affects its 
nutritional value. High- and low-tannin sor- 
ghum types are distinguished Hiph-taunin 
sorghum types (sometimes cnlk<l brown sor- 
ghums, although the grain may also be white, 
yellow or red) have less nutritional value but 
have agronomic advantages, induding resis- 



tance to birds, insects, fiingi and decreased 
sprouting in the panicle. Sorghum tj^pes with- 
out a pigmented grain wall ('white sorghumaO 
do not nantain condensed tannins and have a 
nutritional value similar to that of maize. 
Decortication, parboiling, malting or steeping 
in alkali solutions significantly reduce lhi> lan- 
nin content of sorghum gram. In general the 
endosperm accounts for 82-84% of the grain 
weight, the? germ for 9-10% and the grain wall 
for fi— 8%. The starch prnnules in the en- 
dosperm have a diameter of (l-)15(-25) ^m. 
The starch normally contains 70-80% amy- 
lopectin and 20 30% amylose. although some 
types contain 100% amylopectin and others up 
to 62% amylose. The gelatinization tempera- 
ture ranges from 68— 75'C. Sorghvim gram does 
not contain gluten and cannot be used for leav- 
ened products unless mi.\ed with wheat. 
The composition of the green plant varies ac- 
cordijig to age and cidtivar but it nonnnlly con- 
tains 78-86 g of water per 100 g of fresh mate- 
rial. On a dry basis it contains per 100 g: pro- 
tein 11' carbohydrate 40-50 g and fibre 20- 
30 g. The glycoside dhurrin otx^urs in the aerial 
parts of most sorghum. Dhurrin is hydruly/ed 
to hydrocyanic add (HCN), which is highly 

toxic and can kill pra/inp animals. It is jiarticu- 
larly cunuentrated m the young leaves and till- 
ers and in plants that are suffering from 
drought. HCN content usually declines with 
ape reaching non-toxic levels 15—50 days after 
planting, and HCN is destroyed when the fod- 
der is made into hay or silage. 
The red pigment m M>rghum dye cultivars is 
composed of anthucyanic compounds, particu- 
larly rich (95%) in the stable apigeninidin chlo- 
ride (3-<leo\yanthocyanidin) and tannins of the 
condensed proanthocyanidins proup (producing 
phlobaphen reds). The red pigment in the sor- 
ghum leaf sheath makes up to over 20% of the 
dry weight The role of the non-yinrbtipcnic fun- 
gus Bipolaris inaydis in the production of api- 
geninidin in these cultivars deserves frirther 
researdi. Used without a mordant, the dye 
obtained from sorghum gives a dark red that is 
fairly colourfast and still much used in eastern 
Africa, particularly Sudan and ESthiopia, for 
dyeing leather, cotton and the prasses and 
reeds used for woven matting. Black colours 
are obtained with natron salt and iron mor- 
dants. From red acx^um grain the pigments 
apigenin quercimeritrin kaempferol ghicn- 
sides, apigenidin glucosides, apigeninidin, 
luteolinidin and 7-O-methyl-luteolin-gIucoside 
have been isolated. From the stem of red sor- 
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ghum cultivars the constituonts of thr red dye 
were the anthocj-anidin apigeninidin (17%) and 
the flavonoids luteolm (9%) and apii^t tiin (4%). 
The {uififmia eurint: pnipiTty ol" tlie trd pig- 
ment has been confirmed m tests with rats. 

Deacriptton Annual grass up to 5 m tall, 
with one to many tillers. oi ifc,'iiiiit int; fiom the 
base or stem nodes; roots concentrated in the 
top 90 cm of the soil but sometimes extending 
to twice that depth, spreading laterally up to 
1.5 m: strm (rulm) solid, usually rrrr(. Lonvos 
alternate, simple; leaf sheath 15-35 cm long, 
often with a waxy bloom, with band of ^ort 
white hiiirs nt base near attachment, reddish 
in dye cultivars, Huncled; hgule short, c. 2 mm 
long, ciliate on upper free edge; blade lanceo- 
late to Imear-lanceolate, 30-136 cm x 1.6-13 
cm. initi.illy erect, later curvini;. margins Hat 
or wavy. Inflorescence a terminal panicle up lo 
60 cm long; rachis short or long, with primary, 
secondarj- and sometimes lortiary hrnnrhrs 
with spikeleta in pairs and in groups of three at 
the ends of branches. Spikelet sessile and hi- 
sexual or pedicelled and male or sterile, with 2 
florets: sessile spikelet .3-10 mm long, with 
glumes approximately equal in length, lower 




Sor^liuin bicolor panicles mid spihelrts of the 
5 basic mces: I, bicolor; 2, caudatuin; 3, durm; 
4, ffUn&i; 5, kafir. 
Source: PROSEA 



glume 0-18-vcmed, usually with a coarse kccl- 
like vein on each side upper glume usually 
narrower and more |>ointr.| witli central keel 
for pai-t iif its lens^th. lower floret consisting of 
a lemma only, upper floret bisexual, with 
lemma cleft at apex, with or without kneed and 
twisted awn. palea. when present, small and 
thm, lodicules 2, stamens 3; ovary superior, 1- 
celled with 2 long styles ending in feathery 
stigmas; pcMlict^lKnl spikelet persistent or d(>- 
ckIuous smaller and narrower than sessile 
spikelet, often consisting of onlj' two glumes, 
sometimes with lower floret consisting of 
lemma only and upper floret with lemma. 2 
lodicules and 3 stamens. Fruit a caryopsis 
(grain), usually partially covered by glumea, 4— 
8 mm in diameter, rounded and bhmtly 

pointed 

Other botanical iiiformatiou Sorghum 
comprises 20-30 species. Sot^um bicolor be- 

longs to section Sorghinii tn^cther with the 2 
perennial q>ecies Snrghinn halepense (L.) Pers. 
and Sorghum propinquum (Kunth) Hitchc. At 
present, Sor^h < olor is mostly considered 
as an extremely variable crop-weed complex 
comprismg wdd, weedy and cultivated annual 
types (classified as subspecies) which are fully 

interfertile. The- cultivated types are classiried 
as subsp. bicolor (synonyms: Sorghum unlwlib 
Stapf, Sorghum etmdatum Stapf, Sorghum 
reriiiiiim Host, Sorghum dorhiia (Forssk.) 
Snowden, .Sorfj/n/?;/ diirrn (Forssk ) Stapf Sor- 
ghum iiieiubniiuHeuin Chiov., Sorghum nigri- 
eana (Ruiz ft Pav.) Snowden, Sorghum subglo' 
brescens (Steud.) Srhweinf & Asch., Sorgltuiii 
vulgare Pers.) and they are subclasaified mto 
different races on the basis of grain shape, 

glume shape and panicle type. Five basio MOes 
and 10- IT) hybrid combinations of 2 or more of 
these races are recognized and grouped mto 
subsp. btoolor. A classification into cultivar 
groups would however, be more appropriate. 
The 5 basic races are: 

— Bicolor; the most primitive cultivated sor- 
ghum, characterized by open inflorescences 
and iontr claspinu glumes that enclose the 
usually small grain at maturity. Cultivars 
are grown in Africa and Asia, some for their 

swoot stems to make syrup or molasses, oth- 
ers for their bitter grains used to flavour sor- 
ghum beer, but they are rarely im])ortant. 
They are frequently found in wet conditions. 

- Candatum: characterized by turtle-backed 
grams that ai-e flat on one side and curved on 
the other; the panicle shape is variable and 
the ghimea are usually mudi Sorter than 
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the grain. Culfivnrs arc widoly grown in 
north-eastprn Nigeria, Chad, Sudan and 
I '^iunda- The types used for dyeing also be- 
long heif and ;iri' known as 'karan dafi' by 
the Hausa people m Migeria. 

— Duira: diaracterized by compact infloresoen- 
oes. ehanK'tonsticiilly flattcni'd sessile 
spikelets, and creased lower glumes; the 
grain is often spherical. Cultivars are widely 
grown along the Cringes of the souihn n Sn- 
harn, wostom Asin nml pnrts of India. 'I'ho 
durra type is predominant m Ethiopia and in 
the Nile valley in Sudan and Egypt. It is the 
mo8t specialized and highly evolved of all 
races and many useful genes are found in 
this type. Durra eultivara range in maturity 
from long to short-aeason. Most of them are 
drought resistant. 

— Guinea: characterized by usually large, open 
inflorescences with branches often pendulous 
at maturity: the grain is typirally flattenoH 
and twisted obliquely between long gaping 
ghimes at maturity. Guinea sorghum occurs 
primarily in West Africa, but it is also grown 
along the East African rift from Malawi to 
Swaziland and it has also spread to India 
and the coastal areas of South-East Asia. 

Many subgroups ran he dist ingiiish(Ml, e.g. 
with cultivars especially adapted to high or 
low rainfall regimes. In the past the grain 
was often used as ship's provisions because it 

stored well. 

— Kafir: characterized by relatively compact 
panicles that are often cylindrical in shape, 

elliptieal sessile spikelets an<I tit:ht!v clasp- 
mg glumes that are usually much shorter 
than the grain. Kafir soi^hum is an impor- 
tant staple across the eastern and southern 
savanna from Tanzania to South .Afrirn. 
Kafir landruces tend to be insensitive to pho- 
toperiod and most commercially important 
mal( sterile lines are derived firom kafir type 
sorghum. 

l^iid races exhibit various combinations and 

intermediate forms of the i haractei isties of the 
•"^ li.Msir raees Diirra-lucolur is lound mamly in 
Ethiopia, Yemen and India, guinea-caudatum 
is a major sorghum grown in Nigeria and Su- 
dan and puinend\afir is grown in East Afi ic.i 
and India. Kaiir-caudatum is widely grown in 
the United States and almost all of the modem 
Xm th American hybrid grain cultivars axe of 
this type, (luinea-caudntum with yellow en- 
dosperm and large seed size is used in breedmg 
programmes in the United States. 
The wild representatives are dassified as 



subsp. I erlicilliflonim (Steud.) Piper (sjno- 
nyms: Sorghum anindinaceiim (Desv.) Stapf, 
Sorghum bicolor {L.) Moem h sul)s|). arundina- 
ceum (Desv) de Wet & -I. R. Harlan) tufted an- 
nual or short-hved perennial, with slender to 
stout culms up to 4 m tall; leaf blade linear- 
laneeolate up to 75 cm x 7 em: panicles usually 
large, somewhat contracted to loose, up to GO 
cm X 26 cm, brandies obliquely ascending, 
spreading or pendulous. Wild types extend 
across the African savanna and have been in- 
troduced mto tropical Australia, parts of India 
and the New World. 

The weedy plants are usually considered as 
hybrids between subsp. bicolor and subsp. ver- 
tieilUflomm, and named subsp. dmmnumdii 
(Steud.) de Wet (s,\ iuhin ms: Soi^Aum 
Xdniiniiuiinlii (Steud.) Mdlsp & Phase Sor- 
^huin ateniinuin Stapf, Soighuin sudaiwiise 
(Piper) StapO; they occur in Africa wherever 

cultivated sorghum and its wild relatives are 
sympaini because they cross freely. These 
weed\ plants occur in recently abandoned 
fields and field margins as a very persistent 
weed: stem up to 4 m tall: leaf blade lanceolate, 
up to 50 cm X ii cm; panicle usually rather con- 
tracted, up to 30 cm X 16 cm, often with pendu- 
lous branches A well-know n forage grass, 'Su- 
dan grass', belongs to this complex. 

Growth and develoimieikt The optimum 
temperature for sorghum seed germination is 
27-.3.'i°(\ Seedling emergence takes 3-10 days. 
Panicle initiation takes place after approxi- 
mately one third of the growth cydo. By this 
stage the total number of leaves (7-2 1) has 
been determined and about one-third of total 
leaf area has developed. Rapid leaf develop- 
ment, stem elongation and internode expansion 
follow panicle initiation. Rapid growth of the 
panicle also occurs. By the time the flag leaf is 
vinble, all but Uie final 3 to 4 leaves are fully 
exjianilcil .and light interception is approaching 
its maximum; lower leaves have begun to se- 
nesoe. During the boot stage, the developing 
panicle has almost reached its full size and is 
clearly visible in the leaf sheath: leaf expansion 
is complete. The peduncle grows rapidly and 
the panicle emerges from the leaf sheath. 
Flowering follows soon after pani<-le emer- 
gence, with the interval largely determmed by 
temperature. Individual panides start flower- 
ing from the ti| i downwards and flowering may 
extend over I It days. Sorghum is predomi- 
nantly self-pollinatmg; ci-oss-pollination may 
range finm 0-60%, but is on average about 6— 
6%. Grain filling occurs rapidly between flow- 
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cring and the soft dough stage, u ith nhout half 
the total drj' weight accumulating in this pe- 
riod. Lower leaves continue to senesce and die. 
By the hard doutjh stage grain dr\' weight has 
reached about three-quarters of its final level. 
At physiological maturity, determined by the 
appearance of a dark layer at the hilum (where 
the grain is attached to the panicle), maximum 
diy weight has been achieved. Moisture con< 
tent of the grain is usually between 25-35% at 
this stage The time taken lie) ween flowering 
and maturity depends on environmental condi- 
tions but normal^ represoits about one^hird of 
the (liiratinn of the crop cycle. Further drv'ing of 
the gram taices place between physiological ma- 
turity and harveat^ whidi usually occurs when 
grain moisture ccmtoit has fallen below 2Q%. 
Leaves may senesce rapidly or stay green with 
further growth if conditions are favourable. 
Early maturing sorghum cultivars take only 
100 days or less, whereas long-duration sor- 
ghum requires 5-7 months. Sorghum follows 
the C4-cj-cle photosjTithetic pathway. 

Ecology Sorghum is primarily a plant of 
hot, semi-arid tropical environments that are 
too di'y for maize. It is particularly adapted to 
drousjbt due to a number of morphological and 
physiological characteristics including an ex- 
tensive root system, waxy bloom on leaves that 
reduces water loss, and the ability to stop 
growth in periods of drought and resume it 
when the stress is relieved- .\ rainfall of oOO- 
800 mm evenlj"^ distributed over the croppmg 
season is normally adequate for cultivars ma- 
turing in months. Sorghum tolerates wa- 
terlogging and can also be grown in areas of 
hi|^ rainfall. It tolerates a wide range of tem- 
peratures and is also grown widely in temper- 
ate regions and at altitudes up to 2300 m in the 
tropics. The optimum temperature is 25-3 TC, 
but temperatures as low as 2l*C will not dra- 

nintirnlly affect gj-nwth and yieM. St i rility can 
occur when night temperatures fall below 12— 
15*C during the flowering period. Sor^um is 
susceptible to frost, but to a lesser ext^t tiian 
maize and Iiyht night -fro<f< 'luring ripening 
cause little damage. Sorghum is a shorl-day 
plant with a wide range of reactions to photo- 
period Sonii^ tropical cultivars fail to flower or 
to set seed at high latitudes. In the United 
States, Australia and India the exist^ioe of 
mild photiipi'i iiid-sensitive to virtuaUy insensi- 
tive cultivars has been recorded. 
Sorghum is well suited to grow on heavy Verti- 
sols commonly found in the tropics, where its 
tolerance of waterlogging is often required, but 



is equally suited to light sandy soil.s. The best 
growth is achieved on loams and sandy loams. 
Sorghum tolerates a range of soil pH from 5.0- 
8.5 and is more tolerant of salinity than maize. 
It is adapted to poor soils and can produce 
grain on soils where many other crops would 
fail. 

In the lloodplams of the Senegal and Niger 
rivers and in parts of Chad and Cameroon sor- 
ghum is sown in the early dry season when (he 

water recedes and the crop sur\'ives on resid- 
ual moisture ( culture de decrue). 
Propagation and planting Sorghum is 

normally grown from seed. The 1000-grain 
weight is 13-40 g. Seed dormancy is not com- 
mon in cultivated sor^um. A fine seedbed ie 
preferable but is often not achieved. The seed 

IS usually sown directly into a furrow following 
u plough, but can also be broadcast and har- 
rowed into the soil. Optimum plant spacing 
depends on sf)il type and availability of mois- 
ture. In low-i'ainfail areas a population of 
20,000 plantsAia is normal, in high-rainfall 
areas 60,000 plants/lia. For favourable condi- 
tions, spacings of 1.1-75 cm between rows and 
15—25 cm within the row, resultmg in 80,000— 
180,000 pockets per ha, are normal; for drier or 
less fertile conditions rows I m a|)art oi- broad- 
casting at 6 kg seed per ha. A planting depth of 
2.6-6 cm is common, and up to 26 seeds may be 
sown iier pocket, Oocasionally, seedlings are 
grown in a nurserj- and transplanted into the 
field early m the dry season, e.g. on the flood- 
plains round Lake Chad in Africa Csorgho 
repique'). Sweet sr)rghum in the United Stiites 
is also sometimes transplanted. Soi'^luim can 
also be propagated vegetatively \n s])lil)ing 
tillers fin>m established plants and transplant- 
ing them a practice that is often used by small 
farmers to fill gaps. Sorghum may be harvested 
more than once as a ratoon crop, e.g. in loca- 
tions with n bimodal rainfall pattem. Sorghum 
is often grown in intercropping systems with 
maize, pearl millet, cowpea, common bean, 
groimdnut and bambara groundnut; in India 
also with pigeonpea 

Dye cultivars are never grown in large quanti- 
ties. Fanners usually grow a few plants in or 
around their normal sor^um field or near iixe 

house. 

Management Sor^um does not compete 
well with weeds during the early stages of 
growth, and it is recommended that weeding be 
done early during the seedling stage. In tropi- 
cal Africa weeding is commonly done once or 
twice with a hoe but sometimes animal-drawn 
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or tractor-drawn cultivators are used. Where 
couch grass (Cynodon daetylou (L,) Pers.) is a 
problem more freqin iit u reding is necessary. 
Sorghum iu;ty hv \\i c (|( <l by a combination of 
inter-row cultivation with animal-drawn im- 
plements and hand weeding within rows, 
(^homiciil wcctl (ciiitrol is almost non-existent 
among small farmers. Thinning can be carried 
out at the same time as hand weeding, or at 
intervals during the crop cycle, particularly 
whi'r(> thinninps aro iisod to froH liveslork 
Subsistence farmers rarely apply fertilizer, but 
application of farmyard manure or ash is com- 
mon. In South Africa and the I'nitrd States 
hi|^ doses of fertiUzers are used m the produc- 
tion of sorghum. In tropical Africa sorghum is 
grown mainly as a rain fed crop, but it is grown 
under irrigation in Su<liin It is grown in rota- 
lions with maize, peurl millet, finger millet, 
cotton and other crops. It is often planted late 
in ihc mtntirin as it tolerates low soil fertility. 
Under certam conditions decomposing roots of 
sorghum have an allelopathic efiEect on the sub* 
sequent crop, including sor^um. 

Diseases and pests (""ommon seed and seed- 
ling rut diseases in sorghum are caused by soil- 
and aeed-bome A^mgilbts, Fhse$ruim, Pythium, 

Rhhnrtan ici and Rhiropus sp[). TItcv nro eon- 
trolled by treatment of the seed with fungicides. 
Anthracnose (CoUetotriehum graminicola) is 
common in hot and humid parts of ,\frirfl. Control 
monsures include the use of resistant rultivnrs 
and crop rotation. Downy mildew (Peronoscle- 
rospora sor^ii) may cause serious yield losses; 
the us<> (if resistant cultivars and seed treat- 
ment are recommended. Smuts {Spoiiaorium 
spp.) are important panicle diseases. Loose and 
crfjvered kernel smut are controlled by seed 
treatment with funiiirides: bend smut and lontj 
smut by using resistant cultivars and cultural 
practices sudi as crop rotation and removal of 
infected panicles. Or.iin mould is caused by a 
complex of hingal pathogens (predominantly 
CoehUobobia lunatus (synonym: Cunmlaria 
lunata), Fiisaiium spp. and Phoina sorghiiia) 
that infect the grain during development and 
can lead to severe discoloration and loss of 
quality. It is most severe in seasons when rains 
continue through the grain maturity stage and 
delay the harvest. (.Control measures include 
adjustment of the sowing date to avoid matura- 
tion during wet weather, and the use of resis- 
tant fidtivnrs. 

Important pests of sorghum m tropical Africa 
are shoot fly (Atherigona aoccata) and stem 
borers (particularly Buaaeola fiiaea, ChUo par- 



telhts and Sesamia colauiistis). Shoot fly larvae 
attack shoots of seedlings and tillers, and cause 
'dead hearts^. Stem borers cause da magi' in all 
crop stages Damagf liy lioth shoot fl\ and stem 
borers can be reduced by early, non-staggered 
planting and seed or soil treatment with insec- 
ticides. Resistance to shoot fly is associated 
with low yield. Fohage pests include army 
worms {Spodoptera and Mythiwna spp.); they 
are controlled by conta<-t insecticides. Larvae of 
the sorghum midge {Striio<Ii/)lo.si.i sor^liicnla, 
synonym: Conlariuia sorghicola) feed on the 
young grains in the panicle. Damage can he 
limited by sowing early-maturing cultivars and 
avoiding staggered planting. Head bugs {Eit- 
rystyhta and Caloeoria spp.) suck on developing 
grains, resulting in yield loss, grain deforma- 
tion and discoloration and infection by moulds. 
Guinea type sorghum is generally less affected. 
In practice, control methods of diseases and 
pests are mainly previ»nt.i(i\<' or cultural, in- 
duding selection of optimum planting dates, 
seed treatment and crop rotation. Early sowing 
is particularly important as a mechanism to 
avoid large insect populations at times when 
plants are most susceptible to damage. High 
levels of host plant resistance are available for 
sorghum midge, but only low Imcls of resis- 
tance fur the other pests. Chemical control of 
diseases and insect pests is rarely practised in 
tropical Africa. 

Birds especially (^iiclra qiirlfn raiiso impor- 
tant yield losses. Conti-ol measures include the 
choice of suitable planting dates, timely har- 
vesting, bird scaring and the destruction of 
roostmg and nestmg sites. Brown sorghum is 
less preferred by birds than the tannin-free 
while sorghum. 

Sorghum is very su.sroptible to damage by 
storage pests, the mam ones bemg rice weevil 
(SitophUus oryzae), flour beetle (TrUfolium 
CCUtaiieiiin) and the grain moth (SifntmQn rp- 
recdella). Damage can be minimized by dr>'ing 
grain adequate^ before storage. Cultivars with 
hard grain also suffer less damage, 
The par-'isitic weed Slrii>a (especiidly Striga 
liermoiiUtiva (Del.) Benlh., but also Slriga oat- 
cUiea (L.) Kuntze, Slriga densiflora Benth. and 

Slrinn foflx'si! Benth.) has become ;i major 
constraint to sorghum cultivation, part icularly 
in Africa, where severe infestations can lead to 
grain losses of 100% and land being aban- 
doned. Sfn'ffn can be controlled by cultural 
methods such as rotation with trap crops or 
with crops that are not suscq>tible (e.g. 
groundnut, cotton or sunflower), rigorous re- 
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moval of tho woods before flowering and appli- 
cation of nitrogen fertilizer and herbicides. A 
few Borgfaum cultivars that are resistant or 
tolerfint tn .SVr;'i>(; liavc fn'on idt'iitiru'd 

Harvesting Sorghum is usually harvested 
when the grain moisture content has fallen 
below 20%. and the gniiii h;is become hard. 
Harvesting is done by hand using a knife to cut 
the panicles, which are temporarily stored in 

sacks boforo bein^r taken to the threshing floor 
for furth< r drying to a moisture onntent of 12- 
13%. Alternatively, the whole plant is cut or 
pulled up and the panicle removed later. Com- 
binc h;ir\ ( sting is possible, but many small 
farmers cannot aflbrd to buy the machinety. in 
South Afinca combine harvesting is more com- 
mon. 

For dye production, leaf sheaths are harvested 
when the plant comes to maturity, abuul 4-6 
months after sowing. Th^ can be used imme- 

diatoly or dried and stnred 
Kainfed forage sorghum is usually cut only 
once, soon after flowering. Forage sorghum 
crops grown imder more favourable conditions, 
often with irrigation and liiuli levels of fertil- 
izer, can be harvested and then left to regrow 
(ratoon). 

Broomcorn is barvestcd by hand as mech.inir.d 
harvesters are not available. Sweet sorghum is 
harvested when the seed is in the soft dough 
stage when the sugar oontrat of the stalk is 

highest 

Yield Average sorghum gram yields on furm- 
ers' fields in Africa are as low as 0.6-0.9 t/ha be- 
cause sorghum is often grown in marginal ai-eas 
under traditional farmmg practices (low mputs, 
traditional landraces). Under favourable condi- 
tions sorghum can produce grain yields up to 
in t/ha. In South Africa, with intensive agricul- 
tural practices and improved cultivars, average 
commercial yield was 2.3 t/ha in 2001. In 
China where .sorghum is grown with high lev- 
els of inputs, yield averages 3.6 t/ha and in the 
United States 3.8 t/ha. 

Forage jrields from single-cut cultivars and 
hybrids can reach 20 t/ha of dr\ matter Multi- 
cut cultivars and hybrids usually give only 
slightly higher total yields but produce better 
qualify forage Sweet sorghum yields about 
1000 1 syrup per ha in the United States. Aver- 
age broomcorn jields are 300-600 kg/ha. 
enough to make :l."0-800 luor)nis. 

Handling after harvest The harvested 
gram of sorghum is usually sun-dried, often in 
the panicle. Panicles, particularly those to be 
retained for seed, may be stored hangiag from 



the oeilmg of kitchens over cooking fires where 
the smoke helps to deter insect attack. Alterna- 
tively, the heads may be threshed after drying 

and the grain stored in granaries above or 
below ground, designed to prevent msect at- 
tack. 

Traditional finul preparation of sorghum is 
quite varied. The whole grain may be ground 
into flour or decorticated before grinding to 
either a fine part icle product or flour which is 
then used in various food prodiu ts. To prepare 
porridge, water is boded and sorghum flour is 
gradually added until the desired consistency 
of the paste is reached, iiegular stirrnig is 
needed to mix the contents thuiouulil\. An- 
other simple form of sorghum food pr. l aration 
IS to boil the grain before or after decorticating. 
To make beer seryhum gr.ain is gi'iiniiiatf d 
dried, pounded inlo flour and mi.ved with watei' 
and left to fermoat in a warm place for some 
days To make the non-fermented drink 
mageu in Botswana and South Africa, milled 
sorghum malt is mixed with water and kept at 
room temperature for 2-3 days. Occasional 
stirring may be necessarj'. 

In a traditional method of dyemg hides with 
sorghum dye in West Africa, a watery extract 
of wood ashes, preferably from the wood of 
AiiogeisMis leiocarpa (DC.) Guill. & Perr., is 
prepared and allowed to stand for 3-^ hours. 
The major active compound of the lye is [>oi as- 
sium- or sodium cnrbonnte. The red leaf 
sheaths are pulverized and placed in a large 
vessel in whidi the dyeing is carried out. From 
time to time a little lye is added and diluted 
with plain water as desired, obtaining a crim- 
son liquid. The tanned hide that has been 
dress(»d with oil is folded with the tanned side 
outwards, the hide is immersed for about two 
mmutes in the dye bath, wrung out and 
shaken. Alternatively, the dye liquid is painted 
on the tanned surface with the fingers or a 
brush. The hide is then rinsed in cold water 
acidulated with lime juice or tamarind pulp 
After the hide has been dried, the process is 
eimipleted by ruliliing the hide with a smooth 
stone on a wooden block, ll is eslunaled that 
1.26 1 of dye bath is sufficient for about 6 skins 
of medium si7e. .\nofher recipe uses about 'M^ 
leaf-sheaths of sorghum, about half a spoonful 
of soda, a handful of 'sant' pods (Acacia nUotica 
(L.) WM. ex Delile) or 2 handftils of chips of 
mangrove bark. 2 spoonfuls of palm oil and 1..5 
1 of water. These are all mixed together and 
boiled, the juice of 6 or 6 limes added, and the 
Uquid is left to simmer for 2 hours. It is then 
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ready for application on the skin by brushing 
or rubbing. 

To obtam a dye of constant high quality, a 
hilxiratory fXtr;iction trrhniiiui' hns Ix-cn de- 
signed in Burkina Faso. Sorghum leal sheaths 
are crushed into fine partides, a solvent is 
added m nii acid or basic medium (both give 
similar results) and a red liquid is produced. 
By addition of an acid the dyestufT is precipi- 
tatiMl iind is centrifiiged off. The end product is 
a fine bur{rundy-rod powder with an npifcm- 
inidin concentration of 50-60%, read^' for use 
as a dye. Pure apigeninidin can be obtained by 
further processing of the powder. 
Forage sorghum can be fed to hvestock while 
still green or can be stored in various ways for 
later use. The forage is often dried and stacked 
or can be made into silage. Stover left after 
harvest uf grain is uflen grazed by animals. 

Oenetie resovrces A major collection of 
-i!i_'hum permplasm is mnintninnd and dis- 
tributed to interested researchers by the Intei'- 
national Crops Research Institute for tiie Semi- 
Arid Tropics (ICRISAT), Patancheru, India. 
The collection extends to over .^O.OOO acces- 
sions from all the major sorghum-grow mg re- 
gions of the world (90 countries). Large germ- 
plasm collodions of sorghum are also held in 
the United States (Southern Regional Plant 
Introduction Station, Griffin, Georgia, 30,100 
accessions; Nation il Scd Storage Laboratory, 
Foi't Collins, Colorado, 10,500 accessions) and 
China (Institute of Crop Germplasm Resources 
(CAA8), Beijing, 16,300 aooessicms). In tropical 
Africa large germidasni cr)llections of sorghum 
are held m Zimbabwe (SADC/ICRiSAT Sor- 
ghum and Millet Improvement Program, Ma- 
topos, 12,340 accessions), Ethiopia (Insliiute of 
Biodiversity Consen-ntion (IRC) .\ddi~ Ah.iha, 
7260 accessions), Kenya (National Gentbank of 
Kenya, Crop Plant Genetic Resources Centre, 

KART, Kikuyu, -3410 accessions) and Uganda 
(Serere Agricultural and Animal Production 
Research Institute, Serere, 2635 accessions). 

Breeding The main objectives in sorghum 
breedmg include high grain yield, white grain 
for human consumption with improved nutri- 
tional value and processing quality, and red or 
brown grain for feed purposes and browing. In 
many countries the emphasis is on producing 
cultivars which combine high grain yield with 
liiuh stover yields because of the jmpartance of 
the residues as animal ford Incorporation of 
I'esistance to major yield-limit mg diseases and 
pests, and tcderance of abiotic stresses are also 
of high priority. Resistance to grain moulds 



and other diseases as well as to insect pests 
such as head bugs and sorghum midge has 
been identified. Hi^-yielding improved culti- 
vars of sorghum are available in most nf the 
main producing countries. These mclude culti- 
vars and hybrids produced using cytoplasmic 
male sterility. Compared to traditi^md land- 
races they have a weak photoperiodic response 
and they are less hardy, less tall, with a lower 
grain quality but a higher \ i I 1 [jotential. 
.S/r/'/ja-resistant cultivars have hoon released in 
Africa and India, e.g. Framida in Ghana and 
Burkina Paso. Cultivars resistant to grain 
mould have also been released. Special culti- 
vars with high biomass production and good 
forage quality are bred for animal feed. Modem 
sorghum culii\ n - predominate in the Ameri- 
cas, China and Australia but in Afncn ihey 
occupy probably less than 10% of the area un- 
der sorghum. In India about 50% of the sor- 
ghum aro.'i is sown to modem cultivars and 
50% to traditional landraces. 
The sorghum genome is relatively small (about 
760 Mbp) compared to that of niai/e (al)out 
2.100 Mlip). and construction of a |)h>sical ge- 
nome map IS in progress. Several genetic link- 
age maps have been developed, mainly based 

on RFLF' ma7-l\ors. \'arioiis genes h;\vr been 
tagged, e.g. genes associated with head smut 
resistance, leaf blight r(>sistanoe and shatter- 
ing. Many QTLs have 1" i i ippod including 
those associntod with jjhini height, tillering, 
seed size, di'ought resistance and rust resis- 
tance. In-vitro plant regeneration has been 
achieved from calli deri\ed from young leaf 
bases, shout apices, immature inflorescences 
and immature embryos. Protocols have been 
d(M Icpod for the production of stably trans- 
furnii d .sorghum plants using microprojectilo 
bombardment or Agiobacteriunt-mediaied 
transformation, but the efficiency is generally 

low ' ] • ' illi- with the former technique. 

Prospects Sorghum is a hardy, drought- 
tolerant crop with a high potential yield, which 
plays an important role in tropical Africa and 
elsew here, especially as source of food and fod- 
der, but also for a range of other uses, includ- 
ing as a source of dye. Sorghum has lost part of 
its traditional area in tropical Africa to maize, 
which yields better in more favourable envi- 
ronments, is less liable to bird damage and 
easier to process. It is to be eqiected, howe\ < i 
that sorghum will remain an important food 
security crop m less favourable environments 
in tropical Afirica. Important problems in sor- 
ghiim cultivation to be addressed by researdi 
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and brecdinjf activities are the large yield 
losses caused by parasitic weeds (especially 
Striga hermonthiea), anthracnose, downy mil- 
dew. gcMin numlcls. sorgluim miilge and stem 
borers. Improved sorghum cultivars are not 
widely grown in tropical Africa, and the im- 
provement of seed supply ^yst'ems shoulil tw- 
oompany sorghum improvement programmes 
in this region. Demand for sorghum for non- 
trndition.-d uses is likely to increase. In particu- 
lar, the u.se of soi-phum as n feed i;rnin nlrcady 
well established in many mdustnalized coun- 
tries, is likely to become more common in de- 
veloping count ries. However, sorghum faces 
strong competition ^m maize in the mtema- 
tiona) feed grain market. Similarly, as in- 
creased afiDuence results in increased demand 
for meat and dairy products the use of sor- 
ghum as a iuruge crop in intensive production 
systems in many tropical regions is likely to 
expand The use of sorphum as a raw material 
for industrial processes will also increase. Re- 
search should focus on innovations that are 
likely to reduce the costs of production of sor- 
ghum. This should include research to increase 
yield levels of available cultivars, and tu im- 
prove agronomic practices. Emphasis should be 
placed on enhancing resistance to (he main 
biotic and abiotic stresses and on production of 
cttltivarei ricfaer in high <iuality ]>roteins. 
Sorghum dye may profit from the trend of in- 
creasing use of natur.d colourants in foods and 
cosmetics. Rising harvesting costs of broomcom 
in North America and Europe may ofifer possi- 
bilities for ezpamlinu' llu<^ commodity in Africa. 
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tional Research Council, 199(3; Neuwinger, 2000; 
Ogwumike, 2002; Pale et al., 1997; Phillips. 
lOO.-i: Reddy, Ramesh & Reddy, 2001: Roy et 
al.. 1993; Sanders, Ahmed & Nell, 2000; Seshu 
Reddy, 1991; USDA, 2004b; Westphal, 1981. 

Sources of Ulnstratioii Stenhouse & Tip- 
payaruk 1996. 

Authors T.V. Balole & G.M. Legwaila 
Based on PROSEA 10: Cereals. 



Striga GESNERioiDEs (Wilid.) Vatke 

Protologue Osterr. Bot. Zeitschr. 2.5: 1 1 (187.5), 
Family Scrophulariaceae (APG: Orobancha- 

oeae) 

Chromosome nrauber n = 20 

Synonyms Striga orobcmdundea (R3r.) Benlli. 

(1836). 

Vernacular names Witchweed, cowpea 

witchweed (En), Striga (Fr). Kichavvi nke (Sw). 

Origin and geographic distribution Sfi'ij;n 
gesneiioidea is widespread all over tropical 
Africa, the Indian Ocean islands and tropical 
.\sia It has been introduced to Florida. 

Uses The sap of Slriga gesiierioides is used 
to dye skins blue-blade in Mali. In Kenya root 
sap IS used to colour the fingers an indigo blue. 
The flowers yield a pink colour which can be 
used for painting. As fodder Slriga gesiierioides 
is useless; cattle will not graze it and only cam- 
els browse it reluctantly when nothing else is 
available. In Botswana the stem is said to be 
used as toothbrush. In traditional medicine, 
the powdered plant is sprinkled on wounds ui 
made into a paste with some fat, applied 
against swollen neck glands. 

Propertlea The ctyeing properties may de- 
ri%e, as <loes the qrtotoxi city of thi» plant, from 
the presence of iridoid glucosides, which have 
been isolated and diaracterized from other 
Striga species. An ethanolic extract of whole 
Sfri/^a ffesnerimdes plants showed antifertility 
effects in male rats. Ethanolic and water ex- 
tracts showed antihistaminic and mast cell 
stabilizing activity in rats. The flavones api- 
genin and luteoim, isolated from Slriga gea- 
iterioidea, showed anti-inflammatoiy and auti- 
s] i isniodic act ivit ies. 

Botany Succulent, greenish yellow annual 
herb up to 35 cm tall, usually branching i'l'om 
the base, glabrous or minutely puberulent; 
each plant with a single, large, tuberous pri- 
mary haustorium 1-3 cm in diameter, and with 
numerous adventitious roots emerging from 
subterranean scales; stem square but obtuse^ 
angled. L^-aves opposite, appressed to the stem, 
scale-like, a-lO mm x 2-3 mm. Inllorescence a 
terminal bracteate spike. Flowers bisexual, 
zygomorphic, .^-merous, not fragrant, sessile; 
calyx tubular with 5 teeth at apex, 4-6 mm x 2 
mm; corolla tubular, 2-lipped, up to 15 mm 
long, bent in upper part of tube, pale blue to 
dark purple, upper lobes 2, fused, sharply re- 
curved, up to 2. .5 mm long, lower lobes 3, 
spreading, c. 3 mm long; stamps 4, 2 longer 
and 2 shorter; ovary superior, tubular, 2-ceUed, 
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style terete, stif^ma 2-fid. Fruit an ovoid cap- 
sule 1—2 mm X 3 mm, many -seeded. Seeds very 
small, dust-like, with prominent encircling 

ridgt^s. 

Slriga comprises about 10 species in the tropics 
and subtropics of the Old World with occa- 
sional introductions elsewhere, At letist 11 
Striga species attack crops, including all the 
important tropical cereals (maize, surghum, 
pearl millet, finger millet, uplaml ntc), sugar 
cano nnd many prnssos prown for ftxlder. Cur- 
rentlj- 1 species are considered major problems 
in tropical agriculture: Striga hennonthica 
fUel ) Benth in cei-calH Striga asialica (L.) 
Kimtze in cereals, Striga geanerioides in a va- 
riety of dioots (e.g. cowpea) and Striga a^pera 
(\WUd.) Benth. in cereals and grasses and they 
are all widespread in tropical Africa. Most 
Striga species are used in traditional medicine, 
and occasionally for dyeing; for example Striga 

asialica is u.sod as a mordant fnr C nch- 
lospermuin liiictorium Perr. ex A.Kich., Striga 
aspera is used in Nigeria as a black facial 
stain, and Striga hermonthica is used as a dye 
itself but also as a mordant in indigo dyeing to 
deepen the colour. 

Striga geanerioides is an obligate root parasite 

with low [iholosynthetic activity. Its seeds 
germinate in response to specific germmation 
stimulants exuded by host roots. After germi- 
nation, an haustorium is formed in the root of 
the host plant throuph differentiation of the 
root apex. A vascular connection is subse- 
qu«itly established between the 2 plants, al- 
lowing the parasite to absorb water and nutri- 
ents that are essential for its development. 
Control of the parasite is difficult to achieve 
because of the intimate a.ssorialion between 
the parasitic weed and its host. Striga gps- 
nerioides as a whole has a verj' broad host 
range. It is a major pest in cowpea, parasitizing 

the roots nnd often considerably reducing its 
growth and yield. In the wilil it parasitizes 
leguminous weeds, particular!}, Tcphroaia and 
Indigofera in West Africa, but also Convolvu- 
laceae (e.g. in Sudan Mcrrt'iiiia. Ipoutoea and 
Jaequemoniiu) and Eupliorbiaceae. Due to its 
autogamous nature, many di£Eer«at strains 
have evolved that can attack few or only a sin- 
gle plant species. These strains vary in their 
morphology and their distribution often over- 
laps. In West Africa there are at least five dif- 
ferent strains that parasitize cowpea and each 
one varies in the number of cultivars it can 
attack. Tobacco and sweet potato are occasion- 
ally attacked. Strains attacking tobacco in 



Zimbabwe do not affect cowpea. Bambara 
groundnut is not affected; evidence of the oc- 
currence of Striga gesnerioidea on groundnut is 
conflicting. The cultivation of crops such as 
cowpea in monoculture and without fallow 
years or rotation crops results in a rapid in- 
crease' of favourable circumstances for growth 
of Striga which, on poor soils, can reduce yield 
by more than 60%. 

Ecology Striga gesiierioides is found in open 
grassl.ind savanna with scattered trees, on 
rocky hills and most abundantly as a weed in 
crops. 

Genetic resoiurces and breeding As a wide- 
spread parasitic weed Striga gesiierioides is not 
liable to genetie erosion, and breeding research 

is directed to resistant Imst jilants. Striga gea- 
nerioides is very variable and comprises many 
morphologically identical strains, but as each 
one is adapted to specific cowpea cultivars, 

control is ven,' difficult and research compli- 
cated. Much research is being done however, 
and promising results have been obtained to- 
wards breeding resistant cowpea cultivars, 
developing chemicals which force Striga seed to 
germinate, or prevent it from domg so, and 
developing biological control methods, e.g. 

through insects feeding on Slriiia (e.g. butterfly 
iar\'ae of Jiuioiiia orilhya feed on stems and 
fruits, the weevil larvae of Smieroiiyx umbri- 
nus on fruits). 

Prospects Striga gentierinides as source of a 
dye will remam of minor importance. All re- 
search efibrt is focused on controlling its dam- 
age to crops. Promising results h;i\c lu-cn nb- 
tamed m developing biological control methods. 

Major references Buricill, 2000; Mohamed, 
Musaelman & Riches, 2001; Musselman & 
Hopper, 1986; Parker & Riches, 1983; Philcox, 
1990. 

Other referenees Carsky ^ «!., 2003; Har- 

ish, \agiir & Badami, 20ni- Hiremath et al., 
2000; Hiremath et al., 1997; lr\'me, 2000; 
Neuwinger. 2000; Noorma Wati Haron, 2003; 
Rank et al.. 200 1; Kaynal, 1993; Reiss, 1996. 
Authors P.C.M. Jans^ 



SYZYGIUM ROWLANOn Sprague 
Protologue Bull Heib. Boissier, s6r. 2, 6: 1170 

Family .Myrtncene 

Synonyms Syzygium abidjanense Aubrev. & 
Pellegr. (1936). 
Origin and geographic distrlbntkm Syzy- 
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gium rowlandii is found from Sierra Loonc cast 
to Central African Republic and DR Congo. 

Uses A decoction of dried bark of Sytygiuni 
ronhiiulii mixed with lime juiee yie]d< ii Mark 
dye, which is used m Sierra Leone for colourmg 
clotih. The wood is strong, hard and durable in 
WMter and is used in Liberia for boat keels. 
Powdered barli, mixed with day and spices is 
rubbed on the body to treat rheumatic pains. 
An infusion of the bark is used in DR Congo 
npainst roiiph nsthma, throat trouble inter- 
costal pain, food poisoning, stomach pam, diar- 
rhoea and dysenteiy, often accompanied by 
massage of the affected part with pulped 
leaves. Leaf sap and a bark decoction are used 
in wadung to kill parasites and to cure scabies, 
but are also drunk as a tonic. The powdered 
root is put on teeth against toothache. 

Properties Syzygiuin ruuiandii contains 
tannins and a considerable amount of terpenes. 

Botany Shrub or smnll to medium-sized tree 
up to 20 m tall; twigs often square and slightly 
winged, glabrous. Leaves opposite, simple and 
entire; stipules absent; petiole 7-13 mm long; 
blade ellij)tKal-obovate to oVilong-obovate. 4—25 
cm X l.o-y cm, base cuneale, apex rounded to 
long-acuminate, thinly leathery, dotted with 
small oil i^lnnds lateral veins in 15—28 pairs 
and prumment on both sides. Inflorescence a 
terminal or axillary cyme near the apex of 
brandies. Flowers bisexual, regular, 4-5- 
merous, ."i-fi mm in dinnieter; rnlyx with trian- 
gular lobes up to 1 mm 2 mm; petals 2-3 mm 
in diameter, white; stamens numerous, fila- 
ments mill long ovary inferior, 2-celled. 
style 5-7 mm long. Fruit an elhpsoidal to glo- 
bose berry 10-20 mm x 7-16 mm. 
SyzygMm is a large genus of about lOOO spe- 
cies, confined to the old World frnpirs In the 
past it was included in Eugenui, which now 
mainly comprises species firom the New World 

In DR Congo Syzyi^iniu rniilaiirJii usually has 
smaller flowers compared to specimens from 
West Africa. Syzygium rowlcmdii mudi resem- 
bles Syzygiuin guineense (Willd.) DC, a very 
variable timber species which usually has 
smaller flowers. The latter has edible fruits 
and its bark is used for tanning in Ghana. In 

Madapasf.ir Syzvi^iti iii jdtnhnx (T,.) Alston and 
Syzygium cumini (L.) Skeels are used to dye 
raffia red-brown, or blade with an application 
of iron-ridi mud as mordant, but these species 
are much more important for their edible 
fruits. In the south of Dlil Congo, the Mongo 
people use the crushed fruit of Syzygium ele- 
gans Vermoes^. as blue d^e for skins and 



tiles. 

Ecology Syzygium rowlandii is found in 
forests, often near water and in swamp forest, 
usually at 500-2000 m altitude: in tlie lUihuzi- 
Biega montane forest in eastern DR Congo it is 
characteristic of montane rainforest above 
2^00 m altitude. 

Genetic resources and breeding Syzy' 
gium rowlandii is widespread and not in dan- 
m r . genetic erosion. 

Prospects Syzyaiiiin rnii laiidii as a source 
of a dj e will remam only locally of some impor- 
tance. The chemical composition of the bark, 
characteristics of the wood and medicimd prop- 
erties need further investigation to make 
evaluation possible. 

Major refjereiioeaBurkill. 1997; lr\'ine. 1961. 

Other references Abbiw. 1990; Ruutique. 
1908; Decary, 1946; Hulslaert, 196G; Kanyaraib- 
wa, 1999; Keay, 1954c. 

Authors P.C.M. Jansen 



Tagetes EBECTA L. 

Protoiogue Sp. pi. 2: 887 (1753). 
Family Asteraceae (Compositae) 
Chromosome number 2ii = 24. 18 
Synonyms Tagetes palula L,. (1753), Tagetes 
reinoliflora Kunze (1847). 

Vemacular names Aztec marigold .Ameri- 
can marigold, African marigold (En). Ro.sp 
d lnde, tagete rose dlnde (Fr). Rosa de oiro, 
crave de defuntos, cravo da fndia, cravo de 
Tunes (Po) T i-ji i: -:Sv, i 

Ozigbi and geographic distribution Tagetes 
ereeta is indigenous to Mexico and Guatemala 
and most probably naturalized in the rest of 




Tagetes ereeta - planted 
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Central ^Vmcrica and the wcstora i\ndcs of 
South America. It became naturalized also 
elsewhere in the tropics and is widely culti- 
vated nil over the world (ineludiui; AtVicM Jind 
the Indian Ucean islands) as a popular garden 
ornamental. It is cultivated oommerdally for 
its dye mainly in Latin Ann'ricn in Africa on a 
small scale in Zambia and South Ai'riea. 

Uaea The yellow flowers of Tagetea ereeta are 
the source of two food-oolorant products: ' mari- 
gold mcnl' and 'marigold extract'. Maripol<l meal 
consists of dried powdered flowers and is used 
mainly in poultry feed to enhance the yellow 
colour of the meat and of the egg-yolks. It is 
used similarly in feed for salmon and cnista- 
ceana. Marigold extract is a solvent extract of 
the flowers, u^ni m iin!> in western Euixjix' as a 
yellow to orange loud cxilorant. e.g. in salad dress- 
ings, ice cream, dairj- products and other food- 
stuffiB with a hif^ fat content, but also in soft 
drinks, bnkeiy products jams and confoctionon". 
Fresh and dry flowers can be used to dye wool, 
silk and cellidose fibres into shades of golden- 
yellow to orange and oUve-green to bronze, de- 
pendint; on the mordant ing siil:)stances used. 
Tagetea electa is popular worldwide as an or- 
namental, in Central America particularly in 
c-emoleries. In Honduras ,i water ext ract of the 
plants was formerly used to wash cotpses be- 
cause of the strong fragrance of the essential 
oil I It-nee the Spani.sh common name for 
Tagetes rmln used throughout Mexico and 
Central America ilor de muerto , flower of the 
dead. The Portuguese name 'cravo de defimtos', 
carnation of the dead, has the same origin. The 
whole herb is considered medicinal with 
anthelmintic, aromatic, digestive, diuretic, 
sedative and stomachic properties. It is used 
internally to treat indigestion colic, .severe 
constipation, dysenteiy, cough and fever, and 
externally to treat sofea, uloen, eciema, sore 
eyes rnif] i-heumatism. In East .\fricn its roots 
are eaten with oystemut (Telfairia pedata (Sm. 
ex Sims) Hook.) to relieve pain in the sexual 
or!^:ms In Mauritius a decoction of tlie flowers 
IS diunk against jaundice Secretions from the 
roots have insecticidai and nematicidal effects. 
Sometimes Tagetea ereeta is planted in crop 

fields ns an insert rejiellrnt hernuse of its 
sharp peculiar smell, although the plant itself 
ia susceptible to insect pests. In India it is 
gxown for its essential oil from whkb an 'attai' 
is produced. The oil is used in small traces in 
perfumerj' to impart floral and apple' notes, in 
Gabon the leavea are occasional^ used as a 
condiment. 



Production and international trade The 

major producers of Tagetes erecta are Mexico, 
Peru, Ecuador, Argentina and Venezuela; mi- 
nor producers are India. South .\frir.:i ond 
Zambia. Statistics on production and mterna- 
tional trade are scarce and unreliable. Annual 
trade in marigold meal is many thousands of 
tonnes, particularly between countries in Latin 
America (e.g. Mexico is a large producer and 
importer). Peruvian export of marigold meal 
reached .'^,000 f in the mid-to-late l<)8(ls. Major 
importers of marigold meal and its extracts 
outside Latin America are North America and 
\\ i sti rn Europe particularly Spain and Por- 
tugal). 

Properttea Quantitative^, the colorants in 

Tagetes erecta flowers are mainly querc-etagitrin 
and tagetiin. two glycosides of the flavonoid 
quercetagelin, giving strong, beautifill dyes for 
textiles, but with relatively poor light fostness. 
Currently most important from an economic 
point of view are the carotenoid components of 
the flowers, among which lutein (xanthophyll) 
amounts to 64K and sometimes up to 80K, 
with smaller amounts of antheraxanthm ze- 
axanthin, cryptoxanthm, |3-carotene and about 
14 other carotenoids. Colorants from marigold 

are availahk> in a variety of forms Formida- 
tiuns for animal feeds usually consist of ground 
dried flowers, oleoresins, or saponified oleores- 
ins. Food colorants are available e.g. as puri- 
fied lutein esters in oil-soluhle or wnter- 
dispersible systems, spray-diued emulsions, 
gum-baaed emulsions and emulsifier-based 
emulsion^ They slmw i^ood stability' to heat, 
light, pli changes and sulphur dioxide. They 
are suso^tible to oxidation, which can he 
minimized through encapsulation or the addi- 
tion of antioxidnnl s such as ethoxyqiiin ascor- 
bic acid, tocopherols or butylated hydroxyani- 
sole and butylated hydroxytoluene. In the 

I'nifed States marigold meal and its extracts 
are approved only as colorants in poultry feed, 
but not in human foods (they have not been 
given FDA-GRAS status). However, admission 
rules for the use of tagetes extract as oil in 
foods for direct human consumption are cur- 
rently being widened. Naturally derived lutein 
is classified as Elf! lb in the European I'nion, 
but marigold extract has not been assigned an 
E number and is traded aa Vegetable extract'. 
In the Colour Index it is listed under CI 75136. 
Lutein is thought to he an essential micronu- 
trient for normal vision and it is present in 
high conc^trations in the eye. It protects the 
eye by filtering the lig^t and by its antioxidant 
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properties. Lutein is widely nvailnble in foods, 
e.g. in trreen leafy vegetables, eggs and red 
pepjii I - 

Samples (il'lhe essential oil h> ilmdist illt'd IVum 
the flowers and leaves of lagelos electa from 
Hungary were characterized by limonene, a* 
terpinolene. piperitone and caryophyllene; the 
main component s of samples from India were: 
limonene 7%, (Z)-P-ocimene 42%, dihydrotage- 
tone 14%, cis-tagetone 8%. cis-ocimenono 5% 
and trans-ocimenonc 1)%. The essential nil ap- 
pears to be a strong fungicide. At an average 
concentration of 2000 ppm it is more active 
than many commercial funuii uli's such as eap- 
tan and agrosan (potassium chlorate). Thio- 
phenes and thiophene derivatives with nemati- 
cidal properties are present in the leaves and 
roots of Tagetes erertu and other Tagetes spe- 
cies. Much research is dune to study the posi- 
tive effects of intercropping commercial field 

crop? with Tnffrtrs rivcid |>nft iculnrly in India. 

Adulterations and substitutes Lutem is 
also present in common feedstufis such as 

maize and other cereals, capsicum fruits and 
alfalfa However, to achieve desired egg yolk 
pigmentation cereal diets other than maize 
require additional lutein since their lutein con- 

tc-nt is highly \ ;irial>le Astnxanthin is n substi- 
tute commercially derived from the ye.ist Paf- 
fia rhodozyma. Synthetic colorants or pigments 
used in poultrj- feed are citraxanlhin canthax- 
anthin P-apo-8 -earotenoir arid ami some of its 
derivatives. Though egg yolk pigmentation due 
to sjmthetic colorants is much more intense 
than with natural ones, an increase in con- 
sumer preference for natural organic products 
ensures a continued demand for natural 
sources of lutein. 

Tagetes essential oil is also (and mostly) ex- 
tracted from Tagetes minuta L. (includuig the 
closely related or possibly identical Tbgetea 
gkmdulifcra Srhrank) 

Description Erect annual herb up to 18U cm 
tall, glabrous; stem and brandies angular to 
rounded. Leaves opposite in lower part of 
plant, alternate in upper part pinnaiely com- 
pound with y-17 leaflets; leaflets linear to 

lanceolate, 1-3 cm x 0.5-1.6 cm, acute or acu- 
minate at both ends margins serrate bearing 
scattered oil glands, inflorescence a solitary' 
terminal head, (2-)5-12 cm in diameter; pe- 
duncle 3-12 cm long, apex more or less swol- 
len, hollow; involucre campanulnte with 4-10 
acute or obtuse lobes each bearing 2 rows of 
linear glands. Ray flowers female, ligulate, 5-8 
in wild types, in cultivara often very numerous, 




Tagetet ereeta - 1, flowering branch; 2, flower 

Iwad ill loiigi/tidinal .sertifin 

Redmwu and adapted by Achinad Saiiri I\iur- 

haman 

Hgule broadly fibovate, 1-2.5 em '< 1-2 em 
bright yellow m wild types, lemon-yellow to 
deep brown-red in cultivated types; disk flow- 
ers bisexual, tubular numernus 8-10 mm 
long; stamens 5, anthers united into a tube 
around the style; ovary inferior, 1 -celled, style 
2-branrhed. Fruit an angular achenc 7—10 mm 
long black, glabrous or finely hispid with pap- 
pus of basally connate scales, 1-2 scales up to 1 
cm long, the rest mudi shorter and up to 0.5 

Other botanical information Tagetes com- 
prises about 40 species which are all indige- 
nous to tropical America, usually occurring in 

mountainous regions. 

Although Tagetes patulu L. has been consid- 
ered synonsrmous to Tageiea ereeta in several 
flora accounts for tropical ,\morira, it is often 
distinguished as a separate species, especially 
when taking into aocoimt cultivated plants. 
However, there are no reliable characteristics 
to distinguish Tageles erecfa and Tnffefes 
patiila, though the former is reportedly diploid 
and the latter tetraploid. In cultivation numer- 
ous intermediate spedmois occur. 
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Growth and development Once estab- 
lished, Tageles erecta can grow up to more than 
1 m tall, although in the wild it usually reaches 

onlx 25 cm. Flowering starts alxiut 3 months 
after planting and continues tor several 
months. 

Ecology The natural h;ilntat of Tagetea 
erecta is the pine-oak forest zone of Mexico in a 
warm, low -humidity climate. In addition to 
being cullivated 88 a garden ornamental it is 
often found as an rsrapr, ep in the United 
States, where it occurs along roadsides. It 
needs full sun and in the tropics it occurs from 
sea-level up to 2000 m altitude. It grows well in 
well-drained loamy and clay soils of varying 
pH. 

Propagation and planting Pi-o|>agation of 
Tagctes t'lvcla is by seed. Under goiKl romli- 
tions abuul 400 g/ha is required. Germinuliun 
is within two weeks and usually seedlings are 

first t rnnsjil.inti'd into [lots hofoi-o beinu 
planted in smgle or double rows m the field at 
about 20 cm X go cm. Tagetea erecta is some- 
times intercropped or grown in rotation with 
cnmm('i-''i,'i1 crops to reduce diseases and nema- 
tode pupuiulions. 

ManagMueut For commercial growth of 
Tagetes enrla, a fertile soil and iireferably H 
hours of sun per day are needed. Weedmg is 
necessary- until the crop canopy has closed. 
Though it needs to be watered regulnrly, too 
much watering may cause the plant to rot Ex- 
cessive nitrogen or shade leads to the produc- 
tion of leafy plants with few flower heads. 
Phoq>horus prfMiiiit -s ilcw i rmi:. 

Diseases and pests A number of diseases 
and pests can attadc Tagetea erecta. Boii-yiis 
blight causes tibe flower heads to tuin brown 
and decay especially in wot weather; a grey 
mould develops on the fading flowers. A leaf 
spot causes oval to irregular grey to black spots 

on the leaflets, starting on lowei- Iea\'es and 
progressing upwards. Although Tagetes eivcta 
can reduce the numbers a( some nematodes in 
the soil (especially Pratylenehua penetrmu), 
root-knot nematodes may cause serious dam- 
age. Red spider mile is often a serious pest m 
Togetes erecta cultivars, causing leaves to lose 
their green colour: sr\ i rr mT st.itions cover the 
plant with fine webbing. Slugs are a major 
cause of damage too. 

Harvesting Plants are considered mature 
and ready for han'esting when they have 2-3 
fully developed flower heads, about 90 days 
after planting. The flower heads can be har- 
vested by hand or mechanically. Harvesting by 



hand is done at inten als n( .i-b weeks, depend- 
ing on plant vigour until flowering finishes. 

Yield In I'eru 1000-1200 kg .)! t:i.;rigold 
meal can be obtained per ha. Good iutem yields 
are 20-25 kg/ha. 

Handling after harvest Harvested flower 
heads are dried directly or after silage u|> to 
about 10% moisture content. They can then be 
ground, packed and sold as marigold or tagetes 
meal. The ground flower heads can also be ex- 
tracted with a solvent hexane being preferred. 
After removal of the solvent a brown oleoresin 
is obtained, which can be incorporated directly 
into poultry feed The resin can be furthiT puri- 
fied by saponification with 40% potassium hy- 
droxide or an equivalent alkali solution. After 
removal of tin M)lvent and adjustment of the 
[ill to (5—8. the product can be washed and sold 
as saponified mangold extract. It can be fur- 
ther purified by washing and taken up in a 

suitable vegetable oil or absorbed nn r-.g. cal- 
cium silicate, gelatin and starch to produce a 
dry powder suitable for use as a food colorant. 
The final product usually contains 10-20% by 

weight of the original lutein esters, An alterna- 
tive extraction method has been developed that 
eliminates the wasteful silage process. It in- 
volves adding en/ymes (e.g. \'isco/.yme ) that 
dissolve the cell walls of ground fresh (lower 

heads. Further addition of proteolytic- (e.g. 
•Neutrase*) or pectolytic (e.g. Pectinex) en- 
zymes increases the yield of the subsequent 
he.\ane extraction to over 95%. 

Genetic resonrees As a oommcmly grown 
plant, TiiQcti's t'li'cta is widesjiread and not in 
danger of genetic erosion. Small collections of 
germplasm are maintained, e.g. at the Mendel 
Agricultural and Forestty University, Lednioe, 

Czech Republic. 

Breeding Numerous cultivars have been 
made in Tbgetee ereekt, almost all for their 

ornamental value, differing in flower colour 
flowerhead size and plant height. Breeding 
programmes to obtain cultivars with a higher 
lutein content in the flowers exist in India. 

Prospect-s Tagctes vrcchi is t'.yplnilcil for use 
as a colorant source in poultry larming and 
human food. Its cultivation for export for these 
purposes taK'es place currently mainly in M( x- 
ioo and Peru. The expansion of its cultivation 
to AMcan coimtries (existing already on a 
small scale in Zambia and South Africa) might 
bring an additional source of income to peasant 
farmers. Tagetes erecta can be grown in vari- 
able environments and its adoption as a com- 
mercial crop seems quite possible in many re- 
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gions of Africa. World demand depends on de- 
velopments in its approval as a food colorant 
and on quality/^rice competitiveness with other 
natural lutein snuroos 

Major references Bosma, Dole & Maness, 
2003; Francis, 1999; Gilman & Howe, 1999; 
Green. 199.5: Hind, Jeffrey & Scott. 1993: San- 
tos-Bocanegra, Ospina-Osorio & Oviedo-Ronddu, 
2004; Schweppe, 1993; Singh et a!., 2003; Wil- 
liams. 1976. 

Other references Abid & Maqbool 1990; 
Alam, I^han & Saxena, 1998; Arora, 1989; 
Baghel & Gupta, 1986; Barzana et al., 2002; 
Gurih-Fakim. Gueho & Hissonndoyal 1995; 
lletherlyi et al., 1992; Ijani & Almbaga, 1988; 
Ketel, 1987; Kokwaro. 1993; Medhane et al, 
1985: Medina & BeMiller. 199:3: Perwez. Rah- 
man & Hauler. 1988: Prasad & Ilaque. 1982: 
Rapunda-VValker & Sillans, 1961; Ravindran, 
1995; Rodriguez & Mabry, 1977; Sterner, 1941; 
Strother 1977: \Villinm> 1!'V<2 

Sources of illustration Hind, Jef&ey & 
Scott. 1993. 

Authors M.P. Setahogo 



TERMINALIA CHEBULA Retz. 

Protologue Observ. bot. 5: 31 (1788). 

Family Combretaceae 

Chromosome number 2n = 24, 36, 18 72 

Vernacular names Chohulir niymlialan, 
chebulic myrabolan, black myrobalan (En). 
Cadou, myrobalan noir, myrobolan nojr, myro- 
bolan di^bulique (Fr). ^firabolano quei)iilico 
(Po). 

Origin and geographic diateibution T«rmt- 
nalia eh^niia occurs naturally from the sub* 




Terminalia ehdmla - planted 



Himalayan region of Nepal and northern India 
to Sri Lanka, Myanmar, Thailand, Indo-China 
and southern ( 'hina. It has been introduced in 
tioi>ioal Afrua where individual trees are ocea- 
sionally cultivated (e.g. in Cote dlvoii-e, DR 
Congo and Tanzania). 

Uses The fruits of Terminalia chebiila are 
rich in tannin and are used on a large acale in 
India in the leather industry, usually combined 
with sjmtans and other vegetable tanning ma- 
terials sueh as black wattle {Afuvia nit^ojii.ni 
De Wild.), avaram (Senna auriculata (L.) 
Roxb.) and yellow mangrove (Ceriopa tagal 
(Perr.) C.B.Roh ). TerininaUa chehula is used in 
the production of sole leather, and in a last 
tannage after dirome tanning to give the 
leather weight and a fast colour. An extract of 
the fruits is suitable for pretanna^e of rattle 
hides. The fruits are also used in calico dyeing 
and printing, both as auxiliaries and as dyes; 
their (nnnins net as mordants to fix the dj'ps 
onto the coHon i loth and the unctuous consis- 
tence of the pulp makes the surface of the cloth 
suitably smooth to receive fine printed or 
painted desij;ns A reaction ni the tannins with 
iron salts produces black dyes and inks. 
Brownish yellow to brown dyes for cotton and 

wool are prepared from the fi-uKs with an alum 
mordant. The flowers give a yellow dye used for 
painting yellow and green details on calicos 
(ehint/es). The tanning material (myrobalan) is 
fdso used ns a mordant for basic aniline dyes 
and ui the silk spinning mdustiy to give some 
weight back to degummed silk. 
The fruits are considered laxative, stomachic, 
tunic and alterative, and are often used in 
combination with emhiic myrobalan (Phyllati' 
thus enih/ira L.) and belerir myn)balan (TVr- 
nu'iialia bdUrica (Gaertn.) Roxb ). In A\Hin'edic 
medicine the fniits of these 3 species are collec- 
tively caUed triphala' and are used to treat 
headafihe, dyspepsia liver roniplainis as<-it< s 
leuoorrhoea and as a purgativcj blood purifier 
and to improve mental fiaculties. They are also 
credited with ant i -inflammatory', analgesic, 
anti-arthritie. hypoglycaemic and anti-aging 
properties. 

Fruits of diebulic myrobalan are highly nutri- 
tious and eould be ;in important dietaiy sup- 
plement for vitamin C, energy, protein and 
mineral nutrients. The wood is used as om- 
strucimn timiii c .iml fnr furniture, carts and 
implenn'nts but is not nl" much value. 

Production and international trade India 
is by far the main producing country of diebu- 
lic myrobalan. The production of dried fruits in 
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1981 was estimated at more than 100,000 t. 
Only a fraction (about 20%) of this was ex- 
ported, as dried fruits, complete or crushed, or 
ns extr.'ict rmt i>n!y to cnuntries in the region, 
but also to Europe and the United States. In 
trade, fruits are usually known by place of ori> 
gin; those from Salem (Kamataka. India) are 
considered the best. Trees are usually only 
felled when no longer important for fruit pro- 
duction. No data are available 00 the amoimts 
of timber proiKiccd. 

Properties The dried fi'uit pulp has an av- 
erage tannin content of about 30%, but the 
content varies cniisideralily with the place of 
origin. Poor samples may register less than 
20K tannin, good ones over 40%. Solid extracts 
as well as spray-dried myrobalan extracts are 
prepared, eontainin^i; alumt 00% tannin. Other 
parts of the plant such as roots, bark, wood and 
leaves also contain tannin, but less than the 
fruits. The lannin nf the fruits is classified as 
an ellagitaimin and is quite complex in nature. 
The major constituents are diebulagic add, 
chebulinic acid and oorilagin. A number of hy- 
drolysis products are present in \'arial>le pro- 
portions, such as chebulic acid, ellagic acid and 
gallic add. Myrobalans contain more sugar-like 
components than most ether tanning materi- 
als, about 3-6%, w hich causes ready fermenta- 
tion and satisfectory plumping of the hide in 
the early stages of tanning. They produce a 
brownish deposit on the leather, called bloom. 
The tannin is of a mild type and penetrates 
hides slowly. Used alone, myrobalans produce 
a soft spongy p.-ili' v ellnw leather of i^ioi' wear- 
mg quality. They are usually mixed with tan- 
nins of the proanthocyanidin group, such as 
extracts of wattle and mangrove bark or que- 
bracho wood to give the leather more weight. 
The mixture of tannin compounds, sugar and 
other fruit pulp substances make myrobalans a 
particularly useful product to mordant and 
prepare the surface of cotton cloth in the Turk- 
ish red dyeing process and in calico printing. 
The ineilicmal projicrties of Temujudia ehe- 
bula have been tested in numerous experi- 
ments in .^Asian countries. Extracts showed 
antioxidant activity. FVuit extracts exhibited 
significant inhibitory mtivity on f»xidntive 
stress and the age-dependent sliortening of the 
tumeric DNA length, and thus an inhibitory 
efEect on cellular aging. They ab» have shown 
cnrdioprotoctive effect against experimentally 
induced myocardial injury in rats. A cmde ex- 
tract of the fruits inhibited cancer cell growth 
in several malignant cell lineS) with chebulinic 



acid, tannic acid and ellagic acid as the most 
inhibitory phenolics. .Antidiabetic effects of the 
extract have also been demonstrated. 
The fruits showed antiviral activities <l;dlic 
acid and 3 galloyl glucoses were isolated as 
inhibitors of human immunodefidency virus 
type 1 integrase Extracts inhibited 

replication of human cytomegalovirus (CMV), 
and may be beneficial for the prophylaxis of 
CN'fX' disease in immuno-compromised pa- 
tients. They also show(>d activity against her- 
pes simplex virus type, i (HSV-1). Antibacterial 
activities have been demonstrated. An extract 
inliiliited glycolysis of salivarj' bacteria and 
may serve as an anticaries agent. Topical ad- 
ministratian of a leaf extract accelerated the 
healing process of wounds in rats, partly by 
possessing antimicrobial activity. 
Per 100 g, fresh fruits contain approximately: 
water 68 g, eneigy 600 kJ (143 kcal), protein 4 
g, carbohydrate 9 g, Ca 128 mg, 67 mg, P 
64 mg. 

The heartwood is greyish brown to reddish 
1)1 -i'. II and distinctly demarcated from the yel- 
low isli grey to grey sapwood. The density is 
about 880 kg^m^ at 12% moisture content. The 
wood is strong and tough, with interlodked 

grain and fine l< \lure. durable under COVer but 
not m contact with the ground. It is veiy diffi- 
cult to season and work. 

Description Dedduous tree up to M) m tall, 
with a usually short cj'lindriral l)oIc up to 10 m 
long and up to 80(-130) cm m diameter; bark 
dark brown, usually longitudinally cradced 
with woody scales; ci-own rounded with 
spreadmg branches. Leaves alternate or oppo- 
site, simple and entire; stipules absent; petiole 
l-;i ( 111 long, provided with 2 glands near apex; 
blade ovate to elliptical-ohovate, 7-1 •'i rm x 4— 
10 cm, cuneate to slightly cordate at base, ob- 
tuse to acute at apex, thinly leathery, pubes- 
cent beneath yiinnately veined. Inflorescence 
an axillarji' or terminal, simple or branched 
spike 3-7 cm long. Flowers bisexual or male, 
regular, 5-merous. small, yellovMsh white, un- 
pleasantly scented: calyx with glabrous tube; 
corolla absent; stamens 10, exserted; ovary 
inferior, 1-celled, style simple. FVuit an obovoid 
or cj'lindrieal-ellipsoid drupe 2..^—" cm long 
faintly 5-angular, yellow to orange-brow n w hi n 
ripe, glabrous, 1 -seeded. Seedling with e])igeal 
gonnination. with a long, fairly thin primary 
root short and thick hypocotyl. and glabrous 
cotyledons with 3 prominent and 2 less con- 
spicuous veins. 

Other botanical Infonuatioii Terminalia 
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Terminalia ckebula - 1, flowering brtmeh; 2, 

Poll it; P, fniif.s. 
Souive: PNUSEA 

is a pantropical gonus of about 200 aponos. In 
tropical .\frica about 30 sprnos orrur naturally, 
but Terinmalia chebula is mti-oduced and only 
occasionally planted. 

Growth and development The germina- 
tive power of Terinuialia chebula seeds is poor. 
Viability of the seed is retained for about 1 
year. Seedling growth is comparativRly slow, 
with 10-20 cm height attained by the end of 
the first season and 25-50 cm by the end of the 
second season. Growth rates are slow in later 

stntri's too. The flowiTs appear fojirthor with 
the new leaves after the tree has been leafless 
for several months. Fruits ripen some 8 months 
later, and fall soon aftt i ri|. nmg. 

Ecology Umlei- natural tonditions in Asia 
Terintiiulia chebula occurs m mixed deciduous 
forest, extending into forests of comparatively 
drj' typos. It ascends to ronsidorahlr rlovntions 
up to 1500 m or even 2000 m altitude and 
grows on a variety of soils, clayey as well as 
sandy. It ia a lightnlBmander, but withstands 
some shade in youth and may then benefit 
from protection from the sun. It is fairly toler- 
ant of ficost and drought, and withstands fire, 
recovering well from burning and alao from 



coppicing. Regeneration of natural stands from 
seed is usually poor, maybe because people 
har\-eHt the fruit, but also because of predation 
liy aninuils. 

Propagation and planting The fallen 
fruits are collected and dried thoroughly first. 
Later the hardened flesh is removed 1m i iiien- 
tation of the stones gives the best germmative 
results, but cli|>pin^r t he broad end of the stone 
without dama^in^; I lie cmhrNo, followed by 
soaking in water for .'.(> houi's fiivos good 

results too. Direct sowing is not advisable, be- 
cause of the risk of predation and because the 
seeds gernunatf poorly. In India, seeds are 
usually sown in boxes or nursery beds before 
the rainy season, covered with soil, and wa- 
tered regularly. A mere 20% success is re- 
ported. Transplanting from the nurserv' into 
the field can be done in the first or second 
rainy season. Shading is desirable in early 
stages in the nursery and after transplanting. 
Propagation by cuttings is possible, but less 
successful than transplanting nurseiy-raised 
seedlings. In the forest, regenerati<m is facili- 
tated by creating small gaps in the canopy, and 
this may be supplemented by sowmg seeds in 
the clearings. 

Management Th<- (rf»e coppices well. Tlie 
resulimg shoots are 2-3 m long after 6 years. 

Diseases and peats TerminaUa ehd>ula 
docs not suffer from any serious disease or 
post, although some defoliators have been re- 
ported. Fallen fruits are heavily predated by 
rodents and insects. The timber is attacked by 
borers, 

Harvesting Fruits are collected from the 
time they begin to turn yellow until they are 
quite yellow and tvpe. 

Yield Per year one TrrminoUa chebuki tree 
yields up to 10 kg fruit. 

Handling after harvest The fruite are sun 
dried nvnidinp wetting by rain. They shrivel 
considerably' during drying. Alyrobalans are 
transported as whole finits, or crushed without 
the stones, or as extracts. For the extraction of 
tannin ami the jjreparation of extracts the 
crushed fruits are infused for 8—10 hours with 
hot water in a series of vats. The tan-liquor is 

left to settle in a tank' at a temperature of 
eO'C. To prevent fermentation, bleaching 
agents such as sodium hydrosulphite. alum or 
oxalic acid are often added; 8oni> iiim s sodium 
ncetate or formate ore also added. The 
tan-liquor is concentrated m evaporators. The 
concentrated solution is fied into vacuum pans 
for preparing solid extracts, or through an at- 
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omizcr for preparing sprny-driod extracts. 
Various methods of reducing sludge formation 
in the tan-liquor and of utilizing the tannin 
more effu'ii'nll.v h.tM licrn su^'gi'sti'd They 
ulclude solvent -extract ion of the fruits with 
chloroform or acetcme, heating the extract at 
about 120*C, ultraviolet irradiation t)rtho pow- 
dery extract, passing chlorine through the 
tan-liquor, and reducing the acidity of the liq- 
uor by treating it with salts and acetate buff- 
ers. Controlling of the pH of ilic tan-Uquor 
seems to be the most promising method. 
For making myrobalan mordant for calico 
printing mh I tin Turkish red dye process, 
crushed fruit flesh is first soaked in water for 
one night. For treating approximately 6 kg of 
i ( ntnn, 2 kg of dry fruits are necessarj'. The 
liqujil IS filtered and the cotton plunged into it 
and then dried without washing. To drj- the 
doth, it is spread out evenly in the sun. With- 
out a mordant dyeing with myrohnlan>; gives a 
brownish _\rllo\\ colour to textile fibres, but by 
mordanting or printing with Fe compounds a 
black dye develops on the cloth. Myrobalans 
alao serve as mordants together with alum, for 
other dyes, such as the red dye from Indian 
madder (Ihtbia eordifolUt L.). To dye wool yel- 
lowish bn)wn ahonl 1 kg of fruits for 2 kg of 
wool is boiled in water. The seeds are removed, 
water is added and the wool is plunged into the 
dye bath which is kept boiling for cme hour. 
For a tier}) brown colour the same process is 
iuUowed, with 2 kg of myrobalans added to an 
already used Indian madder dye-bath. 
Whenever possible, the timber should be sawn 
when the wood is still green. Slow seasoning in 
protected and dose-atadced piles is best to 
avoid cracking and q[>]itting. 

Genetic resources Torwiualia chebula is 
widespread and does not seem to be in danger 
of genetic erosion. 

Prospects Trrniiiinlia rlwhuJa might he an 
interesting source of tannmg material for Af- 
rica. Because it is the fruit that yields the tan- 
nin, harvesting is not injurious to the trees, in 
contrast to ticos ni' \\hicli the bark is har\i'sted 
as tanning material. The nutritive and numer- 
ous medidnal properties of the fruits make 
rhebidic myroVi.ilan rm interesting multipur- 
pose tree worth plantmg on a larger scale. 

Major references Burkill, 1985; Cardon, 
2003; CSIK. 1976; Fundter de Graaf & Hilde- 
brand, 1991; Mohanty, Chandramouli & Naik, 
1987. 

Other referenees Akn et al., 2002; Bartha- 
kur & Arnold, 1991; Jagtap & Karicera, 1999; 



Kurokawn ot al., 1995; Na et al, 200 1; Naik et 
al. 2003; Sabu & Kuttan, 2002; Saleem et al., 
21102; Soaef et al., 1995; Suguna et al., 2002; 
Yukawa . t al. 1996. 

Sources of illustration Fundter, de (iraaf 
& Hildebrand, 1991. 

Authors P (\M. Jansen 
Based on PRQSEA 3: I^e and tannin-pnxlucing 
planta 

TEKMlNALlASCUTU'liKA Planch. e.\ 

M.A.Lawson 

Protologue Oiiv., Fl. trop. Afr. 2: 417 (1871). 
Family Oombretaceae 

Origin and geographic distribution Tenni- 
Halia scutift'td is a strictly West African coastal 
species distiubuted from Gumea Bissau to Si- 
erra Leone. 

Uses The bark of TcriiiiiKilia sctitifeni yields 
a yellow dye, which is used in Sierra Leone to 
colour dothes and fibres of plant origin. In Si- 
erra Leone the wood is used to make knee- 
pieees and curved parts of the hulls of fishing 
boats. A bark extract is used to wash sore feet. 

Botany Dedduous small tree up to 15 m 
tali with u'liarlcd bole jnw branching: bark of 
branchlets finely longitudmaliy furrowed, pale 
brown. Leaves alternate, often crowded at the 
ends of branchlets. simple and entm --tipulea 
absent: petiole up to 2 cm long: hladi> oblanceo- 
lale to narrowly obovate, 8—19 cm x 3-8 cm, 
base acute, apex acuminate, thinly leathery, 

densely red-brown fomentose when younu 
later glabrescent. Inflorescence a spike up to 8 
cm long; peduncle c. 3 cm long. Flowers bisex- 
ual, regular, 5-merous, white: receptacle tubu- 
lar, with .5 acute caly.v lobes rellexed in open 
flowers; petals absent; stamens lU; ovaty infe- 
rior, densely red-brown tomentose, 1 -celled, 
style simple. Fruit a sessile, glabrous rhom- 
boid drupe c. 2.5 cm x 3.5 cm, with 2 narrow 
wings, dark brown. 

Termmaiia is pantropical and comprises about 
200 species. In tropical mainland .\frica about 
32 mdigenous species occur, m Madagascar 37. 
Several species are cultivated pantropically, 
e.g. Tcriinnalia catajyjni L. The fruits of Tcrmi- 
nalia sculifera have often been confused with 
those of TermitmUa mperba Engl. & Diels and 
its leaves with those of Tenniiialia ivofwuis 
A.Chev. The bark of the latter two species also 
yields yellow to i-eddish brown dyes and black 
dyos if mordanted with iron-ridi mud or iron 
salts. Thay are used, for instance in Cote dlvdie, 
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to dye wraps, mntting and basket Qbrcs, but 
these species are primarily' used as timber. 

Ecology Termitialia seutifera is confined to 
coastal hiiliitats with manyrove swamp VHt»eta- 
tion or freshwater swamp forest just above the 
high tide line. 

Genetio reeources and breeding Terini- 
nalia seutifera is rather common and not in 
danger of genetic erosion as long as the man- 
grove vegetations in its comparatively small 
distribution nron nro not ondancered. 

Prospects Teniiiiialia scutifeixi will remain 
a minor local source for dyeing. 

M^jor referenoes BuridU» 1985; Griffiths, 
1957. 

Other referenees Keay, 1964a; Lawaon, 1871; 

Mivi^v 1992; Haponda-Walker&Sillans. 1961. 
Authors P.C.M. Janaen 



XYLOCARPUS GRANATUM J.KOnlg 

Protoiogue Naturforscher 20: 2 (1784). 
Family Meliaceae 

rhromosome number 2n = 12, 52 .58 
Synonyms Campa obovata Blume (1825), 
Xyloearpus <Aovatu» (Blume) A.Ju8s. (1830), 

C(irai>'i i^niiKitii III (J Ki'mi^) Alston n9l'!l) 

Vernacular names Catuiunball mangrove 
(En). Mangalbola de canhio (Po). Mkomafi, 

mlifi (Swi. 

Origin and geographic distribution .y\7o- 
carpus granatum is widely distributed in 
coastal regions of the Old World tropics, from 
East Africa and Madasiascnr through tropical 
Asia, to tropical Australia and i^olj'nesia. 

Uses 'Hie bark of the bole of Xylocarpua 
granatum is n<-h m tmiiiin and is used fur tan- 
ning' heavy liiili s inli> ~nlf Icilh- r and other 
hea\y leather, and tor loughening and preserv- 
ing filing nets. It is sometimes used to dye 
rloth bi-ownish or reddish. The wood is a pood 
mahogany-like timber, but as the trunk is usu- 
ally crooked and hollow, long straight pieces 
cannot be cut. It is used in boat building and 
for nads. b<>use-poHf s. wood ear\'intrs. tof>l han- 
dles and luinilure, but il is nol resistant to 

termites. In India the wood is found suitable 
for second grade pencils. It can also be used as 
firewood, but it bums quickly and produces 
great heat, which is why other sources are pre- 
ferred. The oil extracted from .^eeds has been 
used as an illuminant and as hair oil. The as- 
tringent bark has some medicinal uses, it is 
used to treat (fysenteiy, diarrhoea and other 
abdominal troubles, and as a febrifuge. The 
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fruit is used in India to treat swellings of the 

breast and elephantiasis. Burned seeds have 
been used mixed with sulphur and coconut oil 
against itchy skin. On Mafia Idand CTanzaiua) 
a decoction of the crushed finite is drunk as an 
aphrodisiac 

Production and international trade The 
bark is used only locally for tanning and dyeing 
purposes because natural supply is not abun- 
dant. Xylocarpua granatum is usually not 
found in pure stands and its bark is thin. "Hie 
\\ I II] IS of local import anre only. 

Properties Most fiarts of the i>l,'int contain 
tannin; bark, wood, leaves and fruits. However, 
the bark of mature trees is richest in tannin, 
containing 20-34% on drj' matter base. Hie 
tannin penetrates hides rapidly and produces a 
reddish brown, tough leather, but nothing is 
known about its composition. The seeds yield 
1—2% of oil The wood is reported to contain 
0.1% gedunui, a limonoid, with antimalarial 
activi^ that is found in many other MeSoesoe 
species e g. neem (,\:aflirarhfa iiiffirn \..Iuss,). 
in Malaysia an aqueous seed extract showed 
significant in-vitro antifilarial activity against 
Brugia nuiliiyi The wood is moderately heavy 
with a density of li.iO-TVin kg-'m- at ]■">"» mois- 
ture content, and moderately hard and dura- 
ble. The heartwood is reddish, darkening to a 
deep warm brown on exposure, usually sharply 
demarcated fro in the narrow, buff-coloured to 
silver-grey sapwood. The grain is straight or 
slightly interlocked, texture fine and even. The 
wood shrinks little and is usually easy to work 
and finish, and it takes a high polish. The pulp- 
ing and paper making properties of Jfyloearpiu 
granatum are rated as poor. 



166 PTES AND TANNINS 



Description Small to medium-sized tree up 
to 15(-20) m tall; bole often of poor form, up to 
90 cm in diameter, with thin, branched ribbon- 
likf surface roots: hark thui. sm<i<ith. scaly with 
irregular Hakes, whitish to yellow-brown, inner 
bark reddidi pink. Leaves alternate, paripin- 
nately compovind, with l-2(-:^>) pairs of leaflets: 
stipules absent; petiole and rachls up to 12 cm 
long; petiolules 2-11 mm long, thickened: leaf- 
lets elliptical or obovate, i-l2rm x cm, 
bnsr nincnte. apex roumlcd ontirc Icalherj'. 
Inflorescence an axillary- ihyrse up to 6 cm 
long, often foriced with indistinct main axis. 
Flowers functionally uniscxuiil. regular. 
4-merou8; pedicel 3-9 mm long, thickened near 
the calyx; calyx lobed to about the middle, lobes 

1- 3 mm long; petals free, oblong, 3.5-6.5 mm x 

2- 3 mm. creamy-whit c or pmkish: stamens 8. 
united into a tube 2—3.5 mm in diameter; disk 
well developed, 8-lobed, red; ovary superior, 4- 
ccllcil, stylo short and thick stipma large. 
Fruit a globose, pendulous, woody capsule 12- 
25 cm in diameter, weighing up to 3 kg, tardily 
dehiscing by 4 valves Iidiii apex, 6-20-8eeded. 
Seeds irregularly tetraluMlral, up to (5 cm long, 
brown, with a corky seedcoal. Seedlmg with 

hypogeal germinaticm, initiaUy with scale 
leaves, first leaves simple. 




Xylocarpus gmnatuni - I, flowering bmnch; 2, 
female flower; 3, fruU. 
Source: PROSEA 



Other botanical information Xylocarpus 
is a small genus, comprismg 3 species whidi 
are very similar, and con.sequenlly have often 
been confused. In tropical .Africa and the Afri- 
can Indian Ocean islands only 2 species are 
found; Xylocarpua grmiatum and J^^ocarpus 
niinphii (Kostel.) Mabb. In most African floras 
Xylocarpus rumphii is erroneously named Xy- 
locarpua mobieeenais (Lam.) M.Roem., which in 
fact is the third species and restrict (>d to tropi- 
cal Asia and Australia and not in .\fricn. Xylo- 
carpus rumphii is not a mangrove species, 
growing on sandy and rocky coasts and has no 
ribbon-like surface roots. It has ovate, slightly 
acuminate leaflets and fruits of 6-8 cm in di- 
amd^r. Its bark is rough and longitudinally 
fissured, and can also be used for tanning pur- 
poses, although in Africa the species is U-ss 
common than Xylocarpus graiiutum. The wood 
of Xylocarpua rumphii is occasionally used, e.g. 
for mrists .ind fiirniturc in Kenya. 

Anatomy Wood-anatomical description: 
— Macroscopic characters: 
Heartwood reddish, darkening to a deep 
warm brown on e.xposure usuall\ shiaply 
demarcated from the narrow, bulT-coloured 
to silver-grey sapwood. Grain straight or 
slightly inlcilockotl. Texture fine .md even. 
Wood with darker streaks producmg attrac- 
tive watered-silk figure on tangential sur- 
faces. Grow th rings distinct or indistinct. 
Growth and development Trees are usu- 
ally evergreen, even m seasonal climates, but 
are sometimes deciduous. They sucker basally 
when thi'V an- damage<l ;md depauperate 
plants may develop several trunks. Growth is 
according to Rauh's architectural model, char- 
acterized by a mont)podial trunk whlch groWS 
rhythmically and develops tiers of branches. 
Each new flush is marked by a few scales fol- 
lowed by pinnate leaves. Flowering is usually 
in the rainy season. Flowers are functionally 
unisexual, male flowers having a non- 
functional, rather slender ovary, female flowers 
having non-functional stamens either never 
dehiscent or with sterile pollen. It has lu i n 
observed that certain individuals, ullhougii 
flowering profusely, never produce firuit; this 
suggests that dioecism sometimes occurs. 
Flowers are probably' pollinated by short- 
tongued insects like bees. Usually only one 
fiuit develops per infkrasoence, The corky testa 
of the seed represents an adaption to dispersal 
by water, and seeds may start to germinate 
while still floating. Germinated seeds do not 
become readify establidied in the mud but are 
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often washed nway with the tide. This may 
contribute to the prominence of the species at 
higher elevations in a mangrove. 

Ecology Xyluciirpiis ^niiinlmn is a man- 
grove plant, found m tidal mud of mangrove 
swamps, especially towards their upper limits. 
It tolerates a salinity of ( ) . i : " 

Propagatiou and planting In natural con- 
ditions, the seeds o( Xylocarpiis ginnatum float 
just below the water surface and are dispersed 
by oeean currents. Seed viability derrenses 
rapidly upon storage. Seeds should be sown 
with the convex side upwards. Th^ show 
about 70% ^'crniinntion in 1-2 months Seed- 
lings can attain 50 cm height in 3 months. Di- 
rect sowing has bem successfully applied in a 
trial plantation Xyloccupua granatum at 1 m 
X 1 m, Xylorarpiis is a moderate light de- 
mander, particularly enduring shade when 
young. A decrease in freshwater supply during 
the dry season can n^sulf in high mortality. 

Management In mangrove forests, Rhizo- 
phora and Bmguiera species are usually con- 
sidered more valuable than Xylocarpui which 
is sometimes cut down to promote growth of 
the other species. Large Xylocarptis gran at am 
trees are otUn crooked and gnarled, and the 
bole is hr)llo\v. which makes it difficult to (h- 
tain large timber sizes. 

Harvesttag The bark is peeled from the tree 
for use in local taruieries. The tree recovers 
ea.sily from ih>- in olinp. 

Handling after harvest L sually the bark 
is directly used in the tannery or for toughen- 
ing nets 

Genetic resources Xylocarpua species are 
comparatively common and widespread and do 
not seem endangered, except that mangrove 
forest have been cut in many retrinns In loca- 
tions where Xylocarpua is cut in favour of other 
mangrove spec^ it can become endangered. 

Prospects The rnltivation of Xylnrarpiis 
granatum in the drier mangrove areas is worth 
considering. It might be an interesting plant 
for industrial tannage i n r n i se the tree recov- 
ers easily after the hark hccn removed. In 
addition, it is easy to propagate and has a com- 
paratively high tannin content. 

Major references Mabberley Pannell & 
Smg, 1995; Rudjiman, 1991b; Styles & White, 
1991; Sukardjo, 1998; TomUnson, 1986; White 
& Styles, 1963. 

Other references AlNni Krauss & Hauff 
2003; Barbosa, Cuambe &, Bandeira, 2001; 
Beentje, 1994; C6IR, 1960; Decary, 1946; Has- 
san & Cheek, 1999; Kokwaro, 1993; Mainoya, 



Mcsaki & Banyikwa, 1986; Shmoda, Iwata & 
Tayima, 1987; Wliite, Styles & Gonfalves, 
1979; Zaridah et al., 2001, 

Sources of illustration Ru^jiman, 1991b. 

Authors i'.C.M. Jansen 
Based on Ptosea 3: Dye and tannin-produdng 
plants. 
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Dyes and tannins with other primary use 



List of species in other coiumodily gixjups (parenthesis), w Inch are used also as dye 
or tannin. Synons^s are given in the indented lines (7 July 2005). 
The names listed here have not been repeated in the Index of scientific plant names 
(p. 206). 



Abelinoschus moschalus (e»»enlial oils and 
exudates) 

Hihi^cus abelinoschus 
Ahiililon inattritianum (fibres) 

I'avuiiia patens 
Acacia husaei (fuel plants) 
Arariii ili'dlhdid ((>ss(>nt iiil oils and exudates) 
Acaciu decunens (fuel plants) 
Acacia etitaiea (ftiel plants) 
Acaeia faniesiana (essential oils and exudates) 
i4eaeux lahai (fiiel plants) 
Acacia meJaaoxylon (timbers) 
Acacia molliasima (essential oils and exudates) 
Acacia nataUlia (stimulants) 

Acacia karroo 
Acaeia nigreaeens (timbers) 
Acaeia pennata (medicinal plants) 

Acacia peniagona 
Acacia pulyaeantha (essoitial oils and exu- 
dates) 

Acacia campylacuii I ha 
Acacia saligna (fuel plants) 
Acacia senegcd (essential oils and exudates) 

Seiiegalia Senegal 
Acaeia aeyal (essential oils and exudates) 
Acacia gi^eriana (essential oils and exudates) 
Acacia tortilia (forages) 

Acaeia raddicma 

Acaeia spirocarpa 
Afinii snuia (li^ilata (veprtnhlos) 
Adenaii llicru pavonina (timbers) 
Admoslemma vigcostim (medicinal plants) 
Aggie in(n iiirlns ( IVu i t s) 
Afzdia a/ricaua (timbers) 
AUfizia atUMmintica (medicinal plants) 
Albixkt chevalier i (fibres) 
AlbvaaeoHaria ttimb< rs) 
Albvdagfimmilera (timbers) 

AUwd/afaaUgiata 
Albizia Ichbcch (auxiliary fibints) 
A3bizia schimperiaua (timbers) 
Alehoniea eordi/blia (medicinal plants) 
Alhinblachia atuhlmannii (vegetable oils) 
Allanblachia ubtgarensis (vegetable oils) 
Moe lalerilia (medicinal plants) 



Aloe gramiiucoLa 
Aloe nyerensi* (medicinal plants) 

Aloe tweediae (medicinal phmts) 
Amaranthus cnienlus (vegetables) 

Amatxudhus hybridus ssp. cnienlus var. 

paiiieulatua 

Auinraulhtts {xinifiildhi.i 
Anacardiuni occidentale (fruits) 
A}inona reticulata (fruits) 
Aim ona scnegalensis (fruits) 

Aiiiiona arenaria 

Annona chryaophylla 
. \iiiioita squamosa (fruits) 
Aiitlionofha inacropltylla (timbers) 

Macrolobiuni macrophyllum 
Anthonotha ohanatais (timbers) 

Isow acrolnhiii tii nhaii rn so 
AlUiaria toxicaria (timbers) 
AlUroearyon klaineanum (timbers) 
Aphloia theifoniiis (fruits) 
Ardisia hmnilis (medicinal plants) 

Ardisia solanacea 
Artocarpua heterophylbia (fruits) 
ArcrrJioii hifiiiihi (fnnfs) 
Averrlioa cammbola (fruits) 
Aoiemnia gBrminana (timbers) 

Aviccunia africana 

Aviceimia nitida 
Avicennia marina (timbers) 

Aviccunia officinalis 
Azadinirhlii indim (rnixili.iry plants) 
BalauiU's acgyptiacu (li uils) 
Baphia laurifolia (tinAtera) 
Baniiigion id asiatica (timbers) 
Baaella alba (vegetables) 

Baaella eordifoSia 

Ba sella lueida 

lid sell d nihra 
Bauliinia halanllia (medicinal plants) 
Bauh in ia peteraiana (cereals and pulses) 
Bdulnitia purpurea (ornamentals) 
Bauhiuia rufeacens (ornamentals) 
Bauhinia iomenloaa (ornamentals) 
Bauhinia variegata (ornamentals) 
Berchemia discolor (fruits) 

Phyllogeiton discolor 
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Beta vulfiaris (vcgetHbles) 
Bidens pilosa (veget ables) 

Bideiis h'liranlhd 
BliffliKt .s-r7/)/(/(; (fruits) 
Bobgunnia madagascarieiisis (timbers) 

Swartzia madagqscariensia 
Bombax bivi inispr (fil'Vi si 

Rhodognaphaloa bievicuape 
Bombax bnonopozKn.se (fibres) 
Bomba y vostiil'i !<: I iVuits) 
Bombax rliiHh)iiiiciphaiou (timbers) 

Bombax slolzii 
Borasma aelhiepuin (fruits) 
BoaweUia mierxgfhyUa (essential oils and exu- 
dates) 

BotwMia iieglecta (medicinal plants) 

BoswelUa hiiddtrandtii 
Boswdlia sacra (essential oils and exudates) 

BoawelUa carteri var. undulalo-crenala 
Brachysti'gia buchiiii'i (ornamentals) 

Bracli ystciiici it auduiiia 
Brucliystegiu spiciformi^ (limbers) 
Braekairidgea sanguebariea (medicinal plants) 
Brid^a fcrniginca (i'uA plants) 
Bridelia micrantha (timbers) 

Briddia atenoearpa 
Bridelia acleroneura (fuel plants) 

Bridelia si'lri-aiifn roidcs 
Burasaia maduguacanenaia (fruits) 
Burliea afrieawi (timbers) 
Biitca iti<»inftpri-n>a (ornamentals) 

BiUea fwndosa 
Caeaalpinia deetipetala (ornamentals) 

Caeaalpmia aepiaria 
Capsalpinia pulchcrnnta (ornament als) 
Caeaalpinia l olhensii (medicinal plants) 
Calendula officinalia (ornamentals) 
CalnjihylhiDi laxiPnriim (fruits) 
Calolropia procera (medicinal plants) 
CcmieUia xinenvia (stimulants) 
Campylnapcrmiim filabrnimum (ornamentals) 

Oiiralea glaberrima 
Canna xgeneralia (carbohydrates) 

Canna bideiUata 

Canna cduh's 

Canna in dica 
Ce^sieunt annuum (vegetables) 

Cap sin I m rli inetlte 

Capaicum fniteaeeiia 
Caralluma apeciosa (medicinal plants) 
Can's,' • I ,'i i i ocarpa (fruits) 
Ciirtliaiiiiis tiiiclon'iis (vcyt't ;il>lc oils) 
Caasia abbrei iaia (meiiicinal plants) 
Caaaia fiatida (ornamentals) 
Caaai<! jai niiica (ornamentals) 

Caaaiu agiiea 



Caaaia nodosa 
Caaaia aieheriana (medicinal plants) 
Caaainr I ranai aalenaia (timln i ~i 
Caaayiha filifnvDii.t (moHirinal jthints) 
Casuarina equiaetifolia (fuel plants) 
Cathormion tdiuiaimum (medicinal plants) 
\lhi:ia idlissima 

t'ilhecellobium allisaini u m 
Ceiba pentandra (fibres) 

Eriodendnm anfracbioaum 
CephaloNphncra ti.tainl'arensia (timbers) 
Ceralonia siliqua (limbers) 
Chantaaeriata abaua (medicinal plants) 

Ciissia ah.tii.'i T.. 
Chloruphylum aiif/mticuauin (medicinal plants) 

Antharieum mffmtiettatim 
Chloroxylon awielenia (I imbers) 
Chrozophora pUcata (medicinal plants) 
Chrozophora scncgalenaia (medicinal plants) 
Chiysahalaniis icacu (fruits) 

Ch lysobatan ns ellip I icii s 

Chryaobaiamia orbicularia 
Ciamia araUoidea (medicinal plants) 
Citruttua eoloeynlhis (medicinal plants) 

Coloeyntiiia vu tgaria 
Citmllua kmatiia (vegetables) 

Citriilbia vulgaria 

Cotocyn III is cit nillua 

Momordiea lanala 
CUma aurant^iiUia (firuits) 
derodendru ni sph'iidciis (ornaniont .-ils) 
Clerodetidmm umbellatum (ornamentals) 

Clerodendmm cordifoUum 

Clerodendmm acandena 
Clitorta fpmatea (orn;imrntnls) 
Cupslis ferntginea (nu ilicinal plants) 
Cocculua hirmtlua (medicinal plants) 
Cnchlnspi'nninn planrlinii ii ( fihros) 
Cochloapennum vilifoUuin (ornamentals) 
Cocoa nucifera (vegetable oils) 
Cola acuminata (stimulants) 
Cola cordifolia (ornamentals) 
Cola nitida (stimulants) 
Cola rostrata (timbers) 
Combiviii III adcnoiianium (medicinal plants) 

Combivlum fmgmna 

Combretum gkaaalmae 

Cnni bid II in tern ifoliii in 
Combretum erytbrophyllum (timbers) 
Combretum harlmannianum (medicinal 
plants) 

Combretii in niicrantimm (medicinal plants) 
Combretum inulle (medicinal plants) 
Combr^m mierol^idotum 

Combrctii in sohodrn .<-■'■ 
Combretum mucronatum (medicinal plants) 
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Combretu m sin calh m an n ii 
Comhretum nigricans (essential oils and exu- 
dntos) 

Conihii'lu HI piiiiifulatiini (mrHirinnl plants) 
Coininelina benghalensis (vegetables) 

Cotnmdma pyrrhoblepharis 
Com ni ipkora afruxma (essential oils and exu- 
dates) 

Con€)carpu9 enetua (fuel plants) 
Cnnyza aUamata (medicinal plants) 

( \)// vrr; prr.iicnriifolia 
Cordftuixia edulis (cereals and i)ulscs) 
Cordia myxa (medicinal plants) 

Cmlcra (i<Uinsnnii (fruits) 

Cmtei a i-eli^iuaa 
Crituim jagut (medicinal plants) 

CrUuim giganleum 
Croaaopterix febrifiiga (timbers) 
Crotalaria agaii flora (medicinal plants) 
Crotalaria incuiia (auxiliarj' plants) 
Crotalaria pallida (auxiliary plants) 

Crolalaria falcutu 

Crotalaria mueronata 

Crot(daria striata 
Civtalaria retuaa (auxiliarj- plants) 
Croton megalocarpus (timbers) 
Curtiaia dentala (timbers) 
Cussonia arborea (timbers) 

Cusaonia barteri 

CuMonia dj<tionen»i» 

Ciissonia hirltii 
Cyanaatiuin cordifoUuin (ornamentals) 
Cyathula uneimilata (medicinnl plants) 

Cyatbula sphaerocephahi 
Cycnium liibiilosinn (medicinal plants) 

Rhmnph ica rpa heuglin ii 

Rhamphicarpa montaaa 

Rliainphirar/ia luhiilnsa 
Cyperua lati/olius (fibres) 
Cyperua madagaacanenaia (fibres) 
Cyprriis papynis (fibros) 
Cyphoniandra betacea (fruits) 
Dolbcrgia siaaoo (timbers) 
Datbcrgia tricolor (fuel plants) 
n<iiiais fragrans (ossontinl oils nnd oxudnles) 
DanieUia oliven (essential oUs and exudates) 
Datura faatuoaa (medicinal plants) 

Dcttura allui 

Datum inetd 
Datura atrain<m,iutn (medicinal plants) 
Daucua carola (vegetables) 
Dalouix elata (ornamentals) 
Deloiiijc regia (ornamentals) 
Deamodium ramoaiaaunum (medicinal plants) 

Di's/itatstn i hrysoctilaiiiys (fruits) 
Desplalsia deuevrei (fruits) 



Desplatsia subericarpa (fibres) 

Detarium microcarpum (medicinal plants) 

Dirlyandra arbort'scena (timbers) 

Dillenia itulirn 'Mmln 

Dioapyros cauuiu ulata (medicuial plants) 

IXoapyroa cooperi (timbers) 

Dioapyros dmdn ftimlir-rs) 

Diospyros atrupurpurea 

Dioapyi-os flaveacena 
IXoapyroa lycioidea (fibres) 
Dioapyros mrspilifonnis (fruits) 
Dioapyros aoiibreana (modicmal plants) 
Diatenuaumthua benthamianua (timbers) 
Dodonaea t f'.sco.sr; (mtMlicinal plants) 

Dodouaea angualifolia 
Dovyalia caffra (auxiliary plants) 
Draracna mcumii (ornamentals) 

Dnic'H'ita perrottetU 

Dracaena uaambarensia 
Ech inochloa atagnina (cereals and pulses) 
Kclipta p rust rata (medicinal plants) 

Evlipla alba 
Ekd>ergia eapenaia (timbers) 

Ety-chcrgia nwjjclliana 

Ekebergia aenegalenaia 
Elaeia guijieenaia (vegetable oils) 
Eltteodendmn ntalabelieum{i3Xob6re) 

Cassinc ma label ica 
Elepliuiitorrlnza goelzei (fibres) 
ESephantorrhisa auffrutieoaa (medicinal plants) 
Enantia clilnran lha (timbers) 
EnaiUia kummeriae (medicinal plants) 

Antiiekia kummeriae 
Enantia polycarpa (timbers) 
Eughrina n nndfordioidrs (medicinal plants) 

Loranthus uoodfordioidea 
Enaete ventricoaum (carbohydrates) 

Ensrfr rdiile 

Musa enaete 

Muaa ventricoaa 
Enlada afrieana (medicinal plants) 

Enlada andanica 
Eniada chryanata<:hya (timbers) 
Enlada gigas (fibres) 

En I ad a sea n d en s 
Eniandrophragma angolenae (limbers) 
Ervatamia eoronaria (ornamentals) 

Eryllirnia (diysMiii ira ( (imbeis) 

Eryltiriiia lomentosa 
Erythrina mildhroedU (ornamentals) 

Kiyt III ilia hlaitiei 
ErytlirujyhU'iim irorcnsc (mfdu'inal plants) 
Erylhrophleuni suat eolcns (medicinal plants) 

Erythrophleum guineenae 
Etic(ttyptns canuddulenaia (fiiel plants) 

Eucalyplua roslrala 
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Eucalyptus mbusla (tinibors) 
Euclea crispa (medicinal plants) 
Euclca nnlalensia (medicinal plants) 

Euclea frijrfun.ia 
Euclea raceinosa (fruits) 

Euclea schimperi 
Eiis<vn'a raroiiata (omnraentals) 
Eugenia uniflora (fruits) 
Euphorbia hirta (medicinal plants) 

Chamaoiycc hirta 
F.ti rvpt'ldhi nt Ixilf.iii (limbers) 
FiiiiJherhui albuia (auxiliary plants) 

Acaeia aHhida 
Fauvcd roclifildiKi (timbers) 

Faurea apeciosa 
Faurea aaligna (timbers) 
Ficus aupcrifoli'a (medicinal plants) 

Ficus uculifolia 

Ficua peitdula 

FUua urceolaris 

Fivus n arhuniii 
Ficua cupreifolia (fibres) 
Pieus cordata (omam^tals) 

Ficus Ire (ltd it 
Ficua lutea (ornamentals) 

Ffeua btmmii 

Fieut tnchosphMTa 

Ficus vocrclii 
Ficua inucuao (ornamentals) 
Fieu9 pkttyphyUa (essential oils and exudates) 
Ficus saitsiharica (fruits) 

Ficus macroaperma 
Fieus aur (timbers) 

FUua capeii sis 

Ficus m allot ncarpa 

Ficua riparia 
Fieus syeomoma (fruits) 

Ficus roccn II folia 

Ficua gnapliulocarpa 

Ficus sakalavamm 
Ficus umbcllata (ornnmcntnls) 
Ficua vogeliana (timbers) 
Flemingia macrophyUa (auxiliary plants) 
Fhii'ggcn virosa (medicinal plants) 

Seen ri/it'fiia viroaa 
Fuerstia africana (medicinal plants) 
Galium apurium (medicinal plants) 
CaivitUa buchanaiiii (t imhors) 
Garcinia hola (stimulants) 
Garcinia livingatonei (fruits) 
Garcinia maiignslaua (fruits) 
Gardenia eniliescens (Iimhcrs) 
Gardenia teniifolia (timbers) 

Gcadeuia jovia-tonantia 

Gardenia hi lea 

Gardenia triacauiha 



Gardenia vogelii (oraamontaU) 
Gmeliiia arborea (timbers) 
Gomphrena globosa (ornamentals) 
Gonffrniienia lali folium (medicinal plants) 

Marsdenia lali/olia 
Goasypium arboreum (fibres) 
Gn.isypium barbadense (fibres) 
Grewia molHa (timbers) 

Grpuria jnibmcens 
( i I 'if > . I ia aimplicifol ia ( fib res) 

liandeiraea siniplivi folia 
Guibourtia coleospenna (limbers) 
Guiemam^idauia (medicinal plants) 

Hageitia ahyssiiiira (merlu-inal plants) 

Brayera authelminlica 

Hagenia oHth^miiitiea 
Haldina eordifbUa (timbers) 

Adina cordifolia 
Harpephylhim caffrum (fruits) 
Hanmgtaia madagaacarienaia (timbers) 

Ha ran Sid niadaiJiiscanen.sis 
Heliolrupiuin raniasiasiniuni (medicinal plants) 

Heliotropium undukUum 
Heritiera titloralis (timbers) 

Heritiera minor 
Heritiera utiUa (timbers) 

Tarrietia utilia 
Hil>l.-<eus rnsa-sineiisis (ornamentals) 
Hibiscus sabdariffa (vegetables) 
Hydnora aftiecma (firuits) 
Hyinenocardia acida (medicinal plants) 
Hymenocardia ulmoidea (timbers) 
Hypericum revolutum (medicinal plants) 
Hyphaene coriacea (carbohydrates) 

Hyphaene hildebrandtii 

Hyph a en e n a la ten s is 

Hyphaene aha tan 
Hyphaene tliel/aica (timbers) 
Hypoealea forskaolii (medicmal plants) 
Hypoeatea triflora (medicinal plants) 
Inipaliens balsainina (nrnamontals) 
Indigofera argenlea (forages) 
Indigofera cnnjugata (medicinal plants) 
Indigofera diphylla (forages) 
Indigofera liirsiila (medicinni [jiants) 
Indigofera oblongifolia (forages) 
Indigofera parviflora (forages) 

Indigofera spirala (auxiliary plants) 

indigofera hend^caphylla 
Indigofera wkemarenaia (essratial oils and 

exutlales) 

In I. lid hijuga (timbers) 

Afzelia bijuga 
Ipomoea euutHfoUa (medicinal plants) 

IpoiiiiK'n repeiia 
Ipontuea batatas (carbohydrates) 
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Jacaraiida inimosifolia (ornamentals) 
JamesbriUeuia atropurpurea (medicinal 
pl.ints) 

Siilcfii iilrnpuvpurf'n 
Jasimimin diclwtomum (ornamentals) 
Jaamimttn flumiaensm (omamentalB) 

■Jastn ill II III III ail ritinii inn 
Jaainiimin aainbac (ornamentals) 
Jatropha curcas (medicinal plants) 
Jiiniperiis prorera (timbers) 
Kffliti Iciicdii lint I medicinal plants) 
Khaya ii orensis ^timbers) 
Khaya nyeuiea (timbers) 

Kliavd .'{f'//ci;f;/(7f s/.s (limbers) 
Kigeliu africana (medicinal plants) 

Kigidia aethiopiea 

Kigelia pinnala 
Kiggelaria africana (timberB) 
Lahlab purpureiia (cereals and pulses, vegeta- 
bles) 

Dulivhos lahlab 

Labluh iiiger 

Lablab vulgaris 

Labixiiiiiu bojvi i (\ et,'et:ible oils) 
Lageralroemia apecioaa (ornamentals) 
Laimea <ieida (medicinal plants) 
Latuiea aman ieimia (medicinal plants) 
Laiuii'it (liftcolor (finiits) 
Laiiiieu achuviu/urthii (fruits) 

Lannea stuMmannii 
Laiiiwa II t'hcitscln'i (timliers) 
Lantana cainara (medicinal plants) 
LcmUma trifolia (medicinal plants) 
Laportea oligoloba (essential oils and exudates) 

Urera nli^nlnha 
Leonotis nepciifolia (meilu infii plants) 

Leonolis africana 
Leoiuftis oryDiifiiliti (medicinal plants) 

Leonotis raineriana 
Lepiokuna bojerianum (medicinal plants) 
L fiicariia leiimrephala (auxiliary plants) 

Leucaena glanca 
Leucas mariinicensis (medicinal plants) 
Loiichocarpiis sericeu* (ornamentals) 
Liidii igia tihys.siiiira (vegetables) 

Jtiasiaea abyssiiiica 
Lumnitzem raeemoaa (fuel plants) 
Marin ra africdiid (medicinal plants) 

Cardiogyiie africana 
Maema erasBifolia (timbers) 
Maertta tripliylla (medicinal plants) 
MdCNd laiicfdldUi (meclu-in;ii [liants) 
Mufsa Hilda (medicmai plants) 
MaUotua mbulatua (medicinal plants) 

Man liifrni indini (Triiits) 
Fegiiitanra africana 



Manilkara mochisia (fruits) 
Manilkara obovala (timbers) 

Chrysophylium ol n's nin in 

Mdii ill-ara nnQoli'iisia 

Maiulhaixi lacei a 

Manilkara muUinervis 
^fdvaiithcs Qnrtzriiidiia (timbers) 
Mamnlhes polyandra (fuel plants) 

Parinari polymidra 
MarhhanUa tommtosa (ornamentals) 
Maylcnits spiirgalcnsis (timbers) 

Gym nosporia senegalenais 
Mediettgft aativa (forages) 
Mesembryanihemum crystollinum (medicinal 
plants) 

Mimoaa pigra (medicinal plants) 

Miinosapudica (medicinal plants) 

Mimusops coriacea (fruits) 
Mimusops cleiigi (timbers) 
MirabiUs jalapa (ornamentals) 
Milrugviw tiicrnii.s (timbers) 
Aloriiida cilrifvlia (medicinal plants) 
Morinda geminata (timbers) 

MuHltdd loiisiiPiira (medicinal iijants) 
Morinda inoriiidoides (medicinal plants) 
Moringa oleifeixi (vegetables) 

Moimga pterygoaperma 
Mucinia pnirirns (auxiliary plants) 

M licit na aterrima 

Mueuna eoehinchinienna 

Mucuna nii ca 
Muntbilea sericea (medicinal plants) 
Mnaa (fruits) 

Mii.sdnjsa cecropioides (timbers) 
Mystioxyinn apthiopiaim (fruits) 

Cassiiie aethiopiea 

Elaeodendron oligcmthum 
Xicntiana Inhdi-mn (stimnlnnis) 
Nyctanthes arbor-trialia (medicinal plants) 
Nymphaea nmichaU (carbohydrates) 

Nym pli aed nn'iiili '(7 

Nymphaea calUatUha 

Nymphaea capensia 
Ocliiia arborea (timbers) 
Oclina ncliii i'in fii liliiaiia (omamcmt ;ils) 
Oldenlandia corymbosa (medicinal plants) 

Oldmlandia eaespitoaa 

Oldenlandia lu-rhacfti (medicinal plants) 
Upuntia tuna (auxiliary |>lants) 
Oryza saliva (onreals ami pulses) 
Osyri.'i qiiadripartita (timbers) 

Osyris abysttiii ica 

Oayris luiicculuta 
Oxyanthus subpunetatua (ornamentals) 
Paedenabojeriana (medicinal plant s) 
Paraseriatlthes falcalaria (auxiliar>- plants) 
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Albizm falcalaria 

Albizia moluccana 

Falcalaria itinliirraiia 
Pariiiari ciii iili'lli folia (fruits) 

Parinari inobola 
Parinari exceUa (timbers) 

Parinari hnlntii 
Parhia biglohasa (spices and condimenls) 

Mimosa bi^loboaa 

Parhia africaiia 

I'lirhia clapperloniana 
I'arltm filicoidea (t imbers) 
Pauridiaiitha callicarpaidea (timbers) 
Pail rifli'in Ilia lilrlt'Uti (timbers) 

Uruphy lilt III It irtellum 
Peganum harmeUa (stimulants) 
Pellophomm plerocarpnm (ornamentals) 
Pent phis acidula (timbers) 
Pennisetum gUmcuin (cereals and pulses) 

Penniaetum amerieaimm 

Pen II i set II m spiratii in 

I 'enitiseluin lyphoides 
Pentaelethra maerophylla (timbers) 
Pergiilaria tomeiitosa (mrdu inal plants) 
Perieopais laxiftora (timbers) 

Afrormoaia laxiftora 
Peraea ameritxma (fruits) 

PcrsiKi ffixitisfiima 
Peraicariu aeiiegatenaia (vegetables) 

Polygonum aenegalenae 
PhaginaniJx'iu iisuii'nsis (medicinal plants) 
Phoenix dactylifera (fmits) 
Phoenix reeUnata (fibres) 
Phyllunlliiis fniln iiiis (medicinal plants) 
Phylltinlhiis niiirlUuianiis (medicinal plants) 

Phyllaii ihu s floribundus 
Phyllanthiis i-eliculatua (medicinal plcmts) 
P// v.s(///.s prnii iann (fi-iiits) 
Phyaostigina l enenoauin (medicmal plants) 
Phytolacca dioica (auxiliary plants) 
Phytolacca dodccandra (medicinal plants) 
PUiosligma niaiabaricuin (forages) 
Pilioatigma ref icnlntum (fibres) 

Bauhinia relicii lata 
Pilinsti^nia I h')n n iiigii (fibres) 

Bank iiiut i honii iiigii 
Pitheeellobium duke (auxiliary plants) 

Pli'clninthiis cnmo.iiia (caibohydrntes) 
Plumbago auriciilala (medicinal plants) 

Plumbago capmaia 
Plumbago zcylanica (medicinal plants) 
l\)i>a oleosa (I iinlii'fs'l 
Poiigumia piiiiuila (limbers) 
Premna hiapida (medicinal plants) 

Prosopis itfrirana (tiinlicrs) 

Prosopis glaiiduloaa (auxiliary plants) 



Pmmts persica (fruits) 

Amygdalus persica 

Persica nilQari^t 
Pseudocf'ihcla hnlnchyi (timbers) 
Pseudolachnoslylia maprouneifolia (medicinal 
plants) 

Psidiiini ^iiajai a (fruits) 

Paid iu III poinijeriiin 
Paoroapermum febrifugum (medicinal plants) 
IHeroecajma erinacma (timbers) 

Ptemcarpii.t liiccii.i (timbers) 

Pteivcarpus abyssin iciia 
Pteroearpua oaun (timbers) 

Picrocarpiis nan laliiioidc.H (timbers) 
I^inica granalu m (fruit s) 
Pyenoeoma maerophylla (medicinal plants) 
Rauvolfia vomitoria (medicinal plants) 
Rhamnus priiioidea (spices and condiments) 
Rhi^ophoi-a harriaonii (fuel plants) 
Rhizophora mangle (fiiel plants) 
Rhizophora niiicronala (fimliers) 
Rhizophora ruceinuaa (fuel plants) 
Rhoieiaaua tridentata (medicinal plants) 

Rlioicissits erytli rodcs 
Rliua crenulata (fruits) 
Rhua glaueeaeena (fruits) 
Rhus ghitinoaa (timbers) 

Rhus ahyssiiiica 
Rhus laiiceu (fruits) 
Rhus lueida (timbers) 
Rhus trnuinrrris (fruits) 
Rhus tripartita (fruits) 
Rhua undulaia (fruits) 

Rhua burchellii 
Rhua viminalis (timbers) 
Riciiius communis (vegetable oils) 
Rolhmanniia eiiglrriaiia (fruits) 
Rolhmaiiii iiii fisi hrri (timbers) 
Rolhmanniia inanganjae (fruits) 

Gardenia maaganjae 
Roth in an n iia in u n sac (medicinal plants) 

Randia laue-poolei 

Randia niegalosfigma 
Rothmannia urcclli/nnnia (medicinal plants) 

Randia slciinj)liylla 
Rourea orieii talis (medicmal plants) 
Byraoearpua orientetlia 

Dalbrri^ia tirificits 
Rumex abyssiiiicu.H (vegetables) 

Rumex achimperi 
Rumex nepalmaia (vegetables) 

Rii ini'x boquaortii 

Rumex quarrei 

Rumex ateudeUi 

Saba rainnrcnsis i Cruits) 
Landolphia florida 
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Saba florida 
Sagerelia Ihea (forages) 
Stdix snbserrala (furl pl.ints) 
Snrrnrcplinlus lalifoUus (fruits) 

Naticlea latifolia 

Sarcocephalua eaadmUta 
Srliiiiiiti mnllf (omanirnt nis) 
Schleichera trijuga (fuel plants) 

Schleichera oleosa 
Schotia brachypetala (timing s) 
Sriiichfrti (irhnrea (timh«*rs) 
Sclerocarya hirrea (fruits) 

Paupartia birrea 

Potipaiiia raffnt 

Sclerocarya cafjra 
Seleroeroton, nUegerrimui (medicinal plants) 

Sapium integerrimuin 
Securidaea hmppeduiteulaia (medicinal 
plants) 

Senna alata (medicinal plants) 

Cassia alata 
Senna didyinubutrya (medicinal plants) 
Caasia didymtAotrya 

i>i'liiia (ihlii si folia (\ c^etables) 

Caasia oblusifolia 
Seima occidentalu (stimulants) 

Caasia oecidentalis 
Seiuia podocarpa (medicinal plants) 

Caaaia podocarpa 
Senna aiamea (fiiel plants) 

Caaaiti siauica 
Senna aingueait a (medicinal plants) 

Caaaia gorutenaia 

Caaaia aingueana 
Senna sppctabilis (ornamentals) 

Cassia speclabilis 
Senna .vi rattensis (omamontals) 

Cassia su rallcii sl.i 
Senna lora (stimulunls) 

C<taaia torn 
Seabaiu'n ^randi flora (ornamentals) 
Sida rhombifolia (fibres) 
Sida achimperiana (medicinal plants) 
Solunccio niannii (auxiliary plants) 

Crass()ccj>halii III niannii 

Crassocephalu m mult icorym bosti m 

Senedo mannii 
Solanum nigniin (m> <lt< in.il ]>lants) 
Solaiuim acabmni (vegetables) 

Solanutn gaineaiae 
Solrnnstemnia argel (medicinal plants) 

SdIcii nslciii nut old folium 
Suniwratia alba (timbers) 
Sor^ium arundiiiaeaim (forages) 

Soi >>li II III (lolh iupicii III 
Sorghuni verlicilliflorum 



Sorghum virgatum 
Sorindeia warneckei (fruits) 
Sphmoatyiia marginaia (caibohydrates) 

Sphcnnstylis rrpcfn 
Spondias mom bin (fruits) 
l^audtia hamemnenaia (timbers) 

Standlin ^ahon ensia 

Staudlia sUpUata 
StercuUa appendiciilata (timbers) 
^eret^termum kunthianum (medicinal plants) 
Striga a.tiafica (mcdicinMl pl;in(s) 
Slriga a^pera (mrdicinai phints) 
Slriga hernumthica (medicinal plants) 
F^lnniihnsia i^iandifolia (timbers) 
Stylocliaelon lancifoliua (carbohydrates) 
Swi^nia maerophylla (timbers) 
Swietenia mahagoni (limbers) 
Symphonia globulifera (timbers) 

Symphonia gabonenaia 
Syzygium aromatieum (^ioes and condiments) 

( \ii yupliylhis aromatieua 

Eugenia aromalica 

Eugenia earyophylbia 
Syzygium cordatii in (timbers) 
Syzygium cumini (£ruits) 

Eugenia jambolana 
Syzygium emirnensc (fruits) 

Eugenia cuuei folia 
Syzygium guineense (timbers) 

Memecylon lopezianum 
Syzygiiini jainhns (fruits) 

Eugenia Jam bos 
Sysygium otparienae (fruits) 
Tagetea minuta (essential oils and exudates) 
Tagrtf^s patula (ornamontnls) 
Talinum Iriangulare (vegetables) 
Tamarindua indica (fruits) 
Tamarix artinilala (nnxiliajy ]>l.ints) 
Tarchonantlma camphomlus (timbers) 
TecUma grandia (timbers) 
Tephrasia purpurea (niixiliaiy plants) 
Tephroaia vogelii (medicinal plnnls) 
Terminalia arjuna (medicinal plants) 
Terminalia aricennioides (medicinal plants) 
Terminalia bellirira (nu'dicinal plants) 
Terminalia bwu nii (timbers) 
Termiiudia eeUappa (ornamentals) 

Terminalia ii nreiisis (limbers) 
Terminalia laxi flora (medicinal plants) 
Temtiualia ntavroptera (timbers) 
Terminalia maiUaly (ornamentals) 
Terminalia mollis (fuel plants) 
Terminalia schiniperiuita (medicinal plants) 
Terminalia glaueeacena 

Terminalia sericea (timliers) 
Terminalia superba (timbers) 
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Theohroma cacao (st imulnnts) 
Thespesia danis (timbers) 
Th('.sj)fsi(i populnea (timbers) 
TliuiiluTi^iii iifnfii fornnmonl nls) 
Tilhoiiia du ersi/olia (auxiliary plants) 
Toona ciUata (timbers) 
Tnviia orionidlis i n u xiliaiy plants) 

Trem a guiiieenais 
Tri/chilia djalonis (timbers) 
THchilia Pinrtica (vegetable oils) 

Trirlulid rolm 
Tnchilia momuieLplui (limbers) 

Limonia monadtSpha 

Tnchili<t lu'u<h'!t>lii 

Tnchilia iclulijiu 
Triehcdeama ambaemte (medicinal plants) 

Tiichodeamo hockii 
Trichoaeypha longifolia (timbers) 
Trigoitella foenuin-graecum (spices andcondi- 
nients) 

TrilepisiiDii inmlaaascari&iae (fruits) 

Bosqueia angolensia 

Bos^pteia boiviniana 

Boa^pteiapholx-ro.s 
TriumfeUa cordifolia (fibres) 
Trmmfetta rhowboidea (fibres) 
Tyloaema fassogh ; > ;.- i ereals and pulses) 

Paiilii'ii ia /f/.s.s'Oi^/( /(,>i/,s 
L upacu ucuiniiiutu (timbers) 
l^iopoea hmddotU (timbers) 
Uapaca soiisihan'ra (fruits) 
Uvaria chamae (medicinal plants) 
Uvaria kirkU (fruits) 



Vernicia cordata (vegetable oils) 

Aleurites cordala 
Vernicia fnrdii (\ r'Ketable oils) 

. Uciiritefi fnrdii 
Vernicia ni on tana (vegetable oils) 

Ahuritea rmmtana 
Vprnnnia auriciilifera (fibres) 
Visinia rubeacens (essential oils and exudates) 
VUellaria paradoxa (vegetable oils) 

Butyroap&mum niloticum 

Bii tymsprri)! u m pamdoxiim 

BiUyrosperin ti in parkii 
Viiex domana (timbers) 

\ 'ih'x cli'u l:()ii\ikii 

Vitex cuiwata 
Wdnmannia bojeriana (medicinal plants) 
Weill iiKJiuiia rriocarpa (medicinal plants) 
W hitfieldia elongata (medicinal plants) 

II 7j itfieldia longifolia 
Wood ford ia frudcosu (medicinal plants) 

II oodfordia floribu ii d<t 
Woodfordia uniflora (I'uel plants) 
Xeroderria atuhlmannii (timbers) 

Ost lyodrrris slii li I in an n ii 
Ximenia americana (fruits) 
Zanthoxyhi tn uaambaraiae (timbers) 
Zea mays (cereals and pulses) 
Ziiifiihf}- tiffifiiiaJr (spifes and condiments) 
Ziziplius ubyasinica (I'ruils) 
Ss^fma memriticma (fruits) 

Ziziphiis iiijuha 
Ziziphus mticronata (fruits) 
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Cochlosprriiiiiiii plmichonii, Q2. 
Cochlospprmiim regium. 52 
Cochlospprmiim lincloriiim , fifi , 15fi 
Cochlospprmiim vitifoliuin, 52 

Coffea arabica, 124 

Coffea ebmcliohilii, 124 

Colocasia psciileiita, bH. 

Combrclum. 5t). (SO. JM 

Coinbrefiim prylhrophylliiin, GQ. 

Coiiibrettim ghitiiiosum, 31. 5fi^ ^ 

Coinbri'tum inicruiUhum, Ofl 

Coinbrcfiim nigricans, QQ. 

Coinbrctiim puiiiciilaliim, fiQ 

Combivttim passargci, QB. 

Coinbretiim relictiim. 5fi 

Coinbretiim aciiu einfiirthii, 52. 

Commiphora, 2i 

Conocarpus. 2J. 

Coreopsis, Q}. 

Cosmos. SI 

Cosmos sulphureua, 

Craterispermum, 62. S3. 

Cmterispermum caiidatum, 62 

Craterispermum ceriiiaiithiim. Q2l 

Craterispermum dewevrei, fiji 

Cmterispermum laurinum, 62. £2 

Cinterispermum schu einfiirthii, 62. £3. 

Cremaspora, SJ. 

Cremaapora coffeoidea, QA 

Civmaspora tri flora, ^ 

Cremaspora Iriflom subsp. comorenais. M 

Cremaspora IriPnra sub.sp. confliiPtis, fy. 

Cremaspora triflora subsp. triflom, 6i 

Crocosmia aurea, 65 

Ci-ociis, 05 

Crocus aatirua, 64, go. fifl 
Ciyptolepis, Qj. 

Cryptolepis sanguinolenia, fifi 
Curcuma, 67, 69. 2Q 
Curcuma ammatica, 67, fifl. 
Curcuma doinestica, fi2 
Curcuma Ixmaa. 40. 65. 67. £3 
Curcuma xanthorrhiza, QSL 
Curcuma zedoaria, Oil 
Cynodon dactylon, 152 
Danais. TA, 2A 
Duitais ceriuia, 2ii 
Danais chapelieri. 23 



Danais fragrans, 23 
Danais latisepala. 22. 
Danais ligustrifalia. 73 
Danais m icrocarpa, 7.'^ 74 
Danais rhamnifolia, 73^ M 
Danais x oliibili,i, 23 
Diospyms. 25 
Diospyros loiitviriana, 74 
Diospyros lycioides, 25 
Diospyros macrocalyx, JA 
Diospyros soiibreana, 25 
Diospyros iisambarensi^, lA 
Elephan torrhiza, 2li 
Elephantorrhiza biirchellii, 25 
Elephan torrhiza biirhei. 2fi 
Elephantorrhiza elephant ina, 25. 
Elephantorrhiza goetzei, 76 
Elephantorrhiza auffrutieoaa, 2fi 
Einblica officinalis, 121 
Eucalyptus globulus, 111 
Si/cZi-a, 2a 
Euclea criapa. 2& 
Euclea divinorum, 76. 
Euclea Uenien ai^. 2fi 
Euclea lanceolata, 28. 
Euclea natalenaia, 28. 
Eugenia, 157 
Faidherbia albida, 91, 
Ftf//«, 8a 81 
Firwa cordata. 81 
Fiof/ a ^/m mi oso , 79j^ £fl 
Fic;/3 guerichiana, 80. 
Ficus ilicina. 80. 

Ficus plaiyphylla, 81 

Fjcf/a sonderi, 22. 

Ficwa atuhlmaiinii, SQ 

Ficus sycomonis, 81 

F/oMs thonningii, fil 

Fleiningia. 82 

Flemingia grahainiana. fil 

Fleiningia macrophylla. 82. 

Flemingia rhodocarpa, 81 

Galium, 1A2. 

Gardenia. 26, 11^7 

Gardenia halbreyeri. 2ia 

Griffonia. 83 

Griffon ia physocarpa. 83. 

Griffonia si mplici folia, 83. 

Gruinilea psycholrioides, 124 

llaemalo.vyhim, 85 

llaemalo.vyhim binsilefto, 85 

Haemato.vyhim cainpechianum, 35. 88, ^ 

Haemalo.xyliim dinteri, 85. 

He.xalobus nionopelahis. 3 1 

Hyphaene, 27, 2& 
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IfyphaPiiP petersiana, ifi 

Hyphaene thehaica. 135 

Imbricaria ntadasascari'piisi/i, 100 

Impatieus, SI 

Impatiens balsam ina, 87 

Iinpatum.i prainiana, fili 

Impatiens rnthii, &! 

Inipalicns liiicton'a. 86. 141 

Indigo fern, 78, 88, 89. 1)0. 91. 92. 93. 94. 95. 9G. 

97. 99. 107. .LLL 137. ILB. 
Indigofcra arrecta, fifi. 90. 94. 97. 98 11 9 
Indignft'in arliailata. 92 , 93 
Indigofera coemlva, 32 
Indigafeni coeriilt'a var. cocriilca, 93 
Indigofera coenilea var. nccidentalis, HA 
Indigofera loiigiraveniosa, flfi 
Indigofera slenoaepala, OA 
Indigofera suffniticosa, 90, 93. SI. M 
Indigofera siinialraua, 94 
Indigofera lincloria, 90 , 93 94, ^ 
Indigofera lincloria var. aiviiala. Q8. 
Indigofera lincloria vai-. lincloria, SM 
Ipoinoea. 15G 
Isalis lincloria, SS^ Qa. 
Jacquemonlia, 15fi 
Jalropha curcas, 1 18 
Juglana, 74^. 77 
Julbernardia, 2L. 
•Jussiaea, 1 10 
Jttssiaea leplocarpa, 102 
Jussiaea pilosa. 109 
Jttssiaea sentiiiuda, 109 
Labourdonnaisia, 99 100 
Labourdonnaisia madagascariensis, 99 
Lagiincularia raceinosa, 1 00 
Lannea. 22. 102. 103. 104. ilia 
Lannea acida, 104 
Lannea barleri, 101 
Lannea egregia. 10!3 
Lannea kerslingii. 101 

Lannea microcarpa, 28, 29. 30. 32. 33. 59. 102. 

Lannea schn einfurlhii, 104 
Lannea velulina, IPS 
Lannea tt elu ilschii, 104 
Lansonia, 108 
Lau'sonia alba. 105 
Lansonia inennis, 105. 
Lithospernunn camliniense. 33. 
Lilhosperniuni erytlirorhizon, 22. 
Lonchocarpus, 118. 120 
Loncltocarpus cyanescens. 1 Ifi 
Lonchocarpus laxiflorns, 1 19 
Lonchocarpus sericens. 1 18 
Luduigia. 1 10 
Liidu igia leplocarpa. 103 



Madura cochin chinensis. 5fi 
Mahonia. Ql 

Malloltis philippinensis. ^2. 
Mangifera indica, 1 18 
Marsdenia lincloria, SiL 97 
Medicagn saliva, 108 
Merreniia. 15f^ 
Moghania grahamiana, Ei 
Moghania rhodocarpa, di 
Morinda, 112^ Ufi. 
Morinda cilri folia, 1 12 
Morinda geminala, 1 12. 1 18 
Morinda longi flora, 1 1 2 
Morinda liicida, aiL llO. /// 120 
Morinda nwrindoides, 1 12 
Moringa peregrina, 1 00 
Miicuna. 113. IH. lIii 
Muciina flagellipes. 112 
Mticuna pesa. 1 1 3 
Mu ciin a poggei, 113 
Muciina nibro-attmnliaca, 1 13 
Mticuna slo<iitei, 114 
Mucuna urens, 1 14 
Mundulea, IM 
Myrlus comintmis, 107 
Nauclea, 137 
Ociiittun, 130 

Oldenlandia nmbellala, 142 
Opunlia. 135 

Osyris quadriparlita, 87^ 14 1 

Fauridianlha, 115. lia 
Pauridianlha callicarpoides, 1 15 
Pauridianlha lyalii, 1 15 
Pauridianlha nibeits, 115 
Payera. 12. 

Pellophorum ptewcarpiim, 5S. 

Philenoplera. 88.. 91. 95. 98, ill, Jil. 118, J2Q 

Philettoplein cyanescens, 89, 01- 116, 77 7. 119 

Philenoplera laxi flora. 89. 97. 119. i:^ 

Philenoplera schimperi, 1 19 

Phyllanlhiis. 121. 123. 

Phyllaiithtis bojerianus, 121 

Phyllanlhtis entblica. 121. 7^2. ifll 

Piliosligina reliculalum, 22. 

Pilioslignta ihonningii, 1 39 

Piper pyri folium, AL. 

Planchonia, 3S. 

Polygnntiin lincloritim. 89, 22 

Psendogardenia halhreyeri, 2fi 

Psilaiifhus, 121 

Psilanthus ehraHinlalua. 1 24 

Psycholria, 1 25 

Psychol ria bideiilala, 125 

Psycholria psycltotrioidea, 124 

Psycholria replans. 125 
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Psychol Ha rii fipi'lLt, 1 2S 
Psychotria alrictistipula, 125 
Pterocarpua, 127. 128. 1^ 
Plerocarpiis anjgioletisis, 126, fS7 
Pterocarpns htissei. 12G 
Plerocarpiis erinaceiis. 2ii 
Pterocarpns indiais, 36. 132. 
Plerocarpiis osiin, 
Plerocarpiis santaliiiiis, '.Hi. 
Pterocarpns soyauxii, 36. 130, -L!ii3 
Plerocarpiis lesstiiattnt'i. 132. 133 
Pterocarpns iiiictoriua, 132 
Pterolobiiiin, 13fi 
Plemlohinin stellalum, 134 
Pyrantluis, 13(5 
Pyraiillius fullcarmsis, 135 
Itacosperma ineamsii, 15. 
Pandia coriacea. 1 38 
Paitdia hispida. 138 
Randia Uiiie-poolfi, 130 
Paiidia letestui, 2fi 
Paiidia inaculala, 137 
Raiidia mallei/era. 139 
Randia inegalostigiiia, 139 
Raphia, 1^ 
Reseda luteola, 22. 
Rhizophom, 45, 47. 54. Ifil 
Rhizophora inucronata, 46. 54. 55. 

/oHceo. 136, lai 
/^/iMs lucida. 137 

pendiilina, 136 

tomentosa, 136 
i?/if/a itiidiilata, 136 
Ricimis. fifi 

Riciuus communis, 130 
/?osa chinensis, 106 
Rolhmannia. 26. 138. .Llfl 
Rolhmannia engleriana, 1 .'iS 
Rolhniannia fi^cheri, 138 
Rothmannia hispida, 138 
Rolhmannia lalen flora. 1 38 
Rolhmannia longiflora, 137. 
Rolhmannia htjae, 138 
Rolhmannia macrosiphon, 1 38 
Rolhmannia manganjae, 138 
Rolhmannia ninnsac, 139 
Rolhmannia oclomera. 1 39 
Rolhmannia urcellifonnia, 139 
Rolhmannia tvhilfleldii, 139. iifl 
Royena niacir)calyx, 2A 
Riibia. \42^ lAl 
Rubia akane. 142 
Rnbia conolricha, 1 43 
/^i/7j/a cordifolia, 87. 141. 144. IM 



Rubia cordifolia subsp. conotricha. 143 
Rubia cordifolia subsp. conotricha var. 

discolor, 143 
Rubia cordifolia subsp. pratenai^, 142 
Rubia discolor, 1 13 
Rubia horrida, 143 
Rubia peliolaris. 143 
Rubia tinctonim. 141. 142 
Saba coinorensis, 1 1 1 
Safto florida, 1 1 1 
Saiilaliim album. 2£i 
Schinziophylon raulanenii, 130 
Schiamaloclada, 22. 
Selemcarya birrea, 130 
Senna, 145 

Senna attriciilata, 143. /-i.^, 161 

Senna italica, 107 

Senna occiden talis, 35 

Sonneratia alba, 55 

Sophora japonica, 5E 

Sorghum. 78. 146. iiS 

Sorghum anholib, 149 

Sorghum amndinaceum. 150 

Sorghum aterrimum, 150 

Sorghum bicolor, 28. 146. jig 

Sorghum 6jt'o/o;- subsp. ainndinaceum, 150 

Sorghum bicolor subsp. bicolor, 149, 150 

Sorghum bicolor suhsp. dnnnmondii. 150 

Sorghum fciVo/or subsp. i erticitliflontm, IMi. 

Sorghum caudatum. 149 

Sorghum cernuum, 149 

Sorghum dochna, 149 

Sorghum xdntinmondii, 150 

Sorghum durra, 149 

Sorghum halepense, 149 

Sorghum meinbranaceum, 149 

Sorghum nigricana, 149 

Sorghum pirtpinquum. 149 

Sorghum subglabrescena, 1 19 

Sorghum audanense. 1 50 

Sorghum vulgare, 1A2. 

Stereospermum kunthianum, 120 

S/r/Vja, ifL 152, 153^ 154. 155. 15£i 

Striga aaiatica, 5fi- 152, 156 

Striga aspera. 156 

Striga densiflora, 152 

Striga forbesii. 152 

Striga geanerioidf's. 155 

Striga hermonthica, 152, 156 

Striga orobanchoides. 1 55 

Strobilanlhes ctisia, 89, 

Syzygium. 1 57 

Syzygiuni abidjanenae, 156 

Syzygium cumini, 157 

Syzygium elegans, 157 

Syzygium giiinvenae, 157 
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Syzyfiium jambos, 121. In? 
Syzygium rou landii, 156 
Tagftes, 159 
Tagefes erpcla. 157, InR 
Togetes glandulifeixt. 159 
Tageles luintita, 1 51) 
Tageles padila, 157, laa 
Tageh's rciiioHPora, 157 
Tnmarindiis indica, i^5 fif» 
Telfairia pedala. 15H 
Taphmsia. 1 

Terminalia, 20, 1G2. IM 
Terminalm belli rica. 121, Ifil 
Tf'riniiKilui rnlappa, lf>4 
Terminalia cliebula, 121 144. 161. /g3 



Tcnninalia ivnrensi^. Ifi4 
Terminalia macroptera, 28. 29. 32, 59 
Terminalia sciilifera, 164 
Terminalia superha. Ifi4 
Tieghemella africana, 131 
Urophyllti ni nibenn, 1 15 
Vileltaria paradoxa, 3& 

Ximenia caffra. 130 
Xylocarpus. 54. 166. .mi 
Xylocarpus granaUi m. 165, .Mff 
Xylocarpus mohicrensi^t. KUl 
Xylocarpus obovatus, lf>5 
Xylm-arpus runiphii, 
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Index of vernacular plant names 



Acacia negra, IL. 


Bois rouge, ill 


Hamburger bean, 1 14 


Acacia noir, Ih. 


Bonnet d'eveque, 21 


Hena, 125. 


A?aflor, M. 


Bouleau d'Afrique. 2S 


Henna. 105 


A;:afrao, Oil 


Brack-water mangrove, 21 


Henne, 105 


Afafrao do Brasil, 40. 


Brimstone tree, 1 10 


Hesia. 1Q5. 


A^-afrooira da India, fi2 


Buffalo bean. ILi 


Horse-eye bean, 1 14 


African birch. 2&. 


Burma mangrove, 11 


Indian indigo, 21 


African bloodwood, 12fi 


Cadou, Ifil 


Indian madder, 141 


African coral wood, i:^0 


Cafe marron, 124 


Indian redwood, M 


African Rrapc, 102 


Campeche wood, &3 


Indigo, 22.2a 


African marigold, 1 ")7 


Campechier, Sii 


Indigotier, 88,92,23 


African padauk, 1 .'^0 


Camwood, ill 


Indigotier ches.se. Sfi 


African padouk, li^O 


Cannonball mangrove, Ifi.'i 


Indigotier des Indes, 21 


Africran rocrk fig, JZS 


Chebulic myrabolan, Ifil 


Indigotier tinctorial. 21 


Aloes tachete, 21 


Chebulic myrobalan, 161 


Indigueiro. SS. 


Aloes zebre, 21 


Chigommier, iiS 


Java indigo, SS 


Ambila, i2ii 


Common indigo, 21 


Jussie, 122 


American marigold, 157 


Cosmos amarelo, Ql 


Kantuffa, IM 


Amla, m 


Cosmos soufre, Ql 


Kiaat, 12fi 


Anato, ifl 


Cowpea witchweed, Ififi 


Kichawi nke, 155 


Anglestem primrose willow, 


Cravo da India, 157 


Kifundo, 141 


109 


Cravo de defuntos, 157 


Kihuta, na 


Anileira, 88^02.22 


Cravo de Tunes, 157 


Lannea veloute, 105 


Anileira da India, OA. 


Croco, (il 


Liane-indigo, 1 Ifi 


Anileira dos tintureiros, M 


Crocus, 61 


Lipstick tree, 12 


Annatto, Ml 


Cruz de malta, 1Q2. 


Logwood, S3. 


Aonia, 121 


Curcuma, 61 


Magic gwarri, Ifi 


Ai'abian primrose, M 


Diamond-leaved euclea, 2fi 


Mangal indiano, 53 


Arbre a campeche, S3. 


Dividivi, 12 


Mangalbola de canhao, Ifin 


Arbre a soufre, HQ 


Divi-divi. A2. 


Mangle blanc, 100 


Avaram, 143 


Durra, 146 


Mangle gris, 100 


Aviil, Hii 


Dye diospyros, 11 


Manglier noir. 11 


Azier, 121 


EgJT5tian privet, 105 


Mangue branco, 100 


Aztec marigold, Ifi? 


Eland.sbean, 2R 


Mangue encamado, H 


Babia, IR 


Elephant root, Ih. 


Manjit. 141 


Babul acacia, l£i 


Emblic, 121 


Manondro, 21 


Balsamino, Sfi 


Emblic myrobalan. 1 21 


Massambala, 14fi 


Barringtonia, 22 


Emblique officinale, 121 


Massinhana, 31 


Barwood, 1 :^0 


Fish-poison tree, 21 


Mavoravo, 2Ii 


Bombo, 1 0n 


Freshwater mangrove, '21 


Mdaa, it Ifi 


Bengal indigo, Sfi. 


Furry rhus, 1 Mi 


Mdala, Ifi 


Bilimbi madras, 121 


Cambian indigo, 1 19 


Mdala mweupe, H 


Black mangrove, ill 


Gara, UfL 


Mdamudamu, 12fi 


Black myrobalan, Ifil 


Garance indienne, 1 4 1 


Mgunga, 12 


Black walile, IL. 


Goma da India, 12 


Mhina. IM 


Bloodwood tree, 83 


Gommier rouge, 12 


Milho miudo, 148 


Bois corail, 1 .'{Q 


Grand pois pouilleux, 1 14 


Mirabolano emblico, 121 


Bois d'elephant, 5S 


Great millet. 14fi 


Mirabolano quebiilico. Ifil 


Bois d'Inde, SI 


Gros mil, 14(i 


Mjungu, 12 


Bois de cam, 31 


Guinea corn. 14(> 


Mkandaa, 53. 


Bois de natte, 22. 


Hairy primrose willow, 109 


Mkandaa ya pwani. 53. 


Bois de sappan, M. 


Hairy taaibos, 1 Mi 


Mkoko mkandala, 53 
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Mkoko mwckundu, 33. 


Redwing. 1 34 


Mkoko wimbi, -11 


Rizoma dos Indies, 67 


Mkom.-ifi, Ifi.'i 


Rocx>u, 411 


Mkuyu, 12. 


Rocouvcr, 40 


Mnifltijano. Q2_ 


Rosa de oiro, 157 


Mng'iza, IW. 


Rose d Inde, 1 57 


Mnili, HH, 92, 93, 94 


Roucou, 10 


Mninga, 122. 


Ruiva dos lintureiros da 


Nlniza, 109 


India. 141 


Mnyuka, QA 


Saffron. Ql 


Moinck), 1 10 


Safran, (il 


Mount n in fig, 13. 


Safran des Indos, fiZ 


Msemehi, 1 9 


Safran pays, 67 


Mshinzi. 44 


Safran vrai, 64 


Msirisha, IS. 


Sang de rhomme, 33 


Mtama. 14fi 


Sappan, {LL 


Mtetewe, IS 


Sappanwood. 51 


Mtifi, mn. 


Savonnette, 1 19 


Mtomontlo, 3i 


Scented thorn, IB. 


Mtumbati, 12fi 


Scented-pod acacia, IS 


Mucuna de Poege. 1 13 


Sorgho, 146 


Muhina, 105 


Sorgho des teinturiers, 146 


Muia, iLL 


Sorgho rouge, 146 


Mukwa, 126 


Sorghum, 1 46 


Muninga. 1 2f> 


Sorgo. 146 


Munjeet. 141 


Spotted aloe, 21 


Mutanda, 134 


Spurred mangrove. aH 


Muwati, 15 


Striga. 155 


Myrobnian noir, Ifil 


Sulphur cosmos, i±L 


Myrobolan chebulique. Ifi I 


Sumac, 136 


Myrobolan emblique. 1 2 1 


Tagete rose d'Inde, 1 57 


Myrobolan noir, Ifi 1 


Tan wattle, 15. 


Mzingifuri, ilQ. 


Tanner 8 cassia, 1 43 


N'gnlama, 28. 


Tarwar, 1 43 


Nantou, 22. 


Tchnnga. 12. 


\alal indigo, HH 


Ten gar, 53 


Nato, aa 


Terra merit a, 67 


Ndimbu. 13Q 


Turmeric, 01 


Nebn<>b, 12 


Tururu, 1 57 


I^Chamodoma, 74 


Ukakakn, 1 1 1 


Xjila sonde, im 


Umbila, 


Xkula, 1 M) 


Ururu, 40 


CEil de bourrique, 1 1 1 


Urucuzeiro, Hi 


Orange cxismos, fil 


Vrai raisinier, 102 


Oruwo, Uii 


West African wild indigo, 116 


Padauk d Alrique, 130 


White mangrove, lOtJ 


Padouk d Afrique, 130 


Wild (turrant, 1 36 


Paletuvier blanc, 100 


VVitchweed, 155 


Paletuvier gris, 100 


Yellow cosmos, Jil 


Paletuvier noir, 14. 


Yellow mangrove, 53. 


Pau catnpeche, fii 


Yoruba indigo, 1 16 


Pau de sangue, fi2 


Zebra leaf aloe, 21 


Pau de sapan, 51 




Pau salgado macho, H. 




Powder-puff tree, 21. 




Kaisinier velu. 105 
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2 1 4 Dyks and tannins 




PROTA in short 

The Plant Resources of Tropical Africa (PROTA) programme was initialed in 2000 
and developed into an international partnership of 11 institutions in 11 countries 
during the Preparatoiy Phase 2000-2003. Since 19 Februaiy 2003. PKOTA operates 
as an international foundation domiciled in Wageningen, Netherlands. 

PROTA is a major 'information brokerage and knowledge repatriation programme. 
The objectives are to bring the 'world literal ure' on the useful plants of Tropiiral Af- 
rica, now accessible only to the resourceful happy few, into the (African) public do- 
main, and contribute to greater awareness and sustained use of the plants, with due 
respect for traditional knowledge and intellectual property rights. PROTA will de- 
scribe the estimated 7.000 useful plants during the Implementation Phase 2003- 
2012. The information carriers will be freely accessible Web databases 
(www.prola.org) . a low-price Handbook and CD-Rom series featuring Ifi Commodity 
groups, and Special Pn)ducts per commodity gix)U|) for rural development, educa- 
tion, research and policy actors (all in English and French). 



PROTA 1: Cereals and pulses 

PROTA 2: Vegetables (2004) 

PROTA 3: Dyes and tannins (2005) 

PROTA 4: Ornamentals 

PROTA 5: Forages 

PROTA 6: Fruits 

PROTA 7: Timbers 

PROTA 8: Carbohydrates 



PROTA 9: Auxiliaiy plants 

PROTA 10: Fuel plants 

PROTA 1 1: Medicinal plants 

PROTA 12: Spices and condiments 

PROTA 13: Essential oils and exudates 

PROTA 14: Vegetable oils 

PROTA 15: Stimulants 

PROTA 16: Fibres 



PROTA P.O.Box 34L 6700 .\H Wageningen. Netherlands (vvv\^v. prota.org) 
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partageons les connaissances au profit des oommunautts rurales 

sharing knowledge, improving rural livelihoods 

CTA in short 

The Technical Centre for Agricultural and Rural Cooperation (CTA) \\ ;is established 

in 19<S;i under tho Lomo f^nnvontion botwoon the ACV (AfVicnn Cnnhboan and Pa- 
cific) ( iroup of Sfaf(>s and ihc Knropcan Union M(Mnber Stales, Since 2000, it has 
operated within the t'rameworli ot the ACP-EC Cotonou Agreement. 

CTA's tasks are to develop and provide services that improve access to information 

for agricultural and rural development , and to st rengthen the capacity of ACP coun- 
tries to pr()(hu<'. :ic(iuire, exchaniie and utilise information in this area. CTA's pro- 
grammes are desitrned lo: pros ide a wide range ol inlbrmat ion products and services 
and enhance aw areness of relevant information sources; promote the integrated use 
of appropriate communication channels and intensify contacts and information ex- 
change (particularly intra-ACP); and develop ACP capacity to generate and manage 
agricultural informal ion and to formulate ICM strategies, including those rele\ ant 
to science and t (•cli tiolosrv CTA's work incorporates new developments in method- 
ologies and cross-cutting issues such as gender and social capital. 

CTA, P.O.B0X 380, 6700 AJ Wageningen, Netherlands (www.cta.int) 




WEST AFRICA 


CENTRAL AFRICA 




SOUTHERN AFRICA 


1. Cape Verde 


17. Sao Tome et Principe 


85. Malawi 


2. Mauritania 


18. Cameroon 




8ft. Zambia 


3. Senegal 


19. Chad 




87. Angola 


4. Gambia 


20. Central AfHoan Republic 


88. Namibia 


5. Guinea Bisaaii 


21. Equatorial Guinea 


39. Botswana 


6. Guinea 


22. Gabon 




40. Zimbabwe 


7. Sierra Leone 


28. Congo 




41. Moaambique 


8. Liberia 


24. Democratic Republic of Cdngo 




9. Coted'lvoire 


25. Rwanda 




INDIAN OCEAN 


10. Mali 


26. Burundi 




ISLANDS 


11. Burkina Faso 








12. Ghana 


EAST AFRICA 




42. CcmioTOB 


13. Togo 






43. Mayotte (Fr) 


14. Benin 


27. Sudan 


31. Somalia 


44. Madagascar 


15. Niger 


28. Eritrea 


32. Kenya 


45. Seychelles 


16. Nigeria 


29. Ethiopia 


88. Uganda 


46. Reunion (Fr) 




80. Pjibonti 


84. Taniania 


47. Mauritius 



PROTA, short for 'Plant Resources of Tropical Africa', is an international programme 
focused on the 7,000 useful plants of Tropical Africa. Its purpose is to make available 
the wealth of dispersed knowledge on these plant resources for education, extension, 
research and industry through Internet databases, books, CD-Roms, and derived pro- 
ducts such as brochures, leaflets, and manuals. A thorough knowledge of the plant 
resources is essential for arriving at ecologically balanced and sustainable land-use 
systems. A large international team of experts is contributing the texts on particular 
species. All species are described according to a standard format with details on uses, 
trade, properties, botany, ecology, agronomy or sylviculture, genetic resources, bree- 
ding, prospects and literature. In the printed series the species are grouped into com- 
modity groups. More information on www.prota.org. 'Protabase' can be searched at: 
database.prota.org/search.htm. 



Dyes and tannins 

PROTA 3 deals with the dyes and tannins of Tropical Africa. PROTA's database 
'SPECIESLIST' presents 659 species used as such, but only 1 16 are 'primary use' 
dyes and tannins qualifying for treatment in this volume, the other 543 species have 
been listed as 'Dyes and tannins with other primary use' and referred to other 
Handbook volumes. 

The 116 'primary' use' dyes and tannins are described in 73 review articles by 24 
authors, 15 of whom from Africa, implying that 43 species have no separate article 
due to lack of information; they are only mentioned in the articles of related species. 
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